
RESEARCH MEMORANDUAA- ‘

APPROXIMATE SOLUTIONS FOR THE FLOW ABOUT FLAT-TOP

WING-BODY CONFIGURATIONS AT HIGH

SUPERSONIC AIRSPEEDS

By Raymond C. Savin

Ames Aeronautical Laboratory
.

“8

f!!~%!?”<:’i:~c:pr-”~-~~’

‘0ffett::%2$:;JEi :wlol;l;:;..............
i ‘::.” “-.f.~1,..,..’:r.:.. -

~y, ... ...... )lC $>< ... ......... ...................................4-

(-.~.ll........ ......... . ........................... ......... ...........*.. .... ,,. -..,-.-.)

Is ‘j&.G(fds
.. . .. .. .. ... .. .. . .. , .. .. .. ....

TM !nmerlalm!iuma MOrnutlm mffectLwtb mlfnd mfasa cdh mlted swam Wlw themeantcf
Cf b 0a9kILUC -, mm ~, WAC., *6. ~ Ud W, tb Lmnamlaalon or revdulOm of whlcb h q
-r La uumtimrlzed parmn la prddtitd ~ law.

ONAL ADVISORY COMM TTEE

FOR AERONAUTICS
WASHINGTON

September 15, 1958

,)

.’

..-,



iv

.

NACA RM A58F02

TECH LIBRARYKAFB, NM

~ I!llllllllllllllllulullllllllll
0143472’

NATIONAL ADVISORY COWTTEE FOR AERONAUTICS

%

RESEARCH MEMORANDUM

APPROXIMATE SOLUTIONS FOR TKE FLOW ABOUT ITAT-~OP

WING-BODY CONFIGURATIONS AT

SUPERSONIC AIRSPEEE*

By Raymond C. Savin

SUMMARY

HIGH

+.

.

The flow about slender flat-top wing-body configurations traveling
at high supersonic speeds and small angles of attack is investigated aria- ,
ly-tically. In the case of conical configurations, approximate algebraic ~
solutions to the flow field are obtained. In the case of configurations :
which are conical at the vertex but curved in the stream direction, these -
solutions are cofiined with a slender-body approximation to the general-
ized shock-qansion method to obtain the flow downstream of the vertex.

Surface pressures were obtained experimentally at Mach numbers
from 3.0 to 6.o and angles of attack up to 6° for several flat-top wing-
body configurations. These configurations consisted of half-bodies of
revolution mounted beneath thin highly swept wings. Three different bod-
ies were employed. The two conical bodies consisted of one-half of a
fineness-ratio+ cone and one-half of a fineness-ratio-2-l/2 cone. The
body of the third configuration consisted of one-half of a fineness-
ratio+ ogive. For the ogive configuration, the leading edges of the
wing were curved and designed to just maintain the theoretically deter-
mined bow shock along the leading edge at a Mach nuniberof 5.0 and an
angle of attack of 3°. The predictions of the conical flow theory of
this paper for the surface pressures are found to be in good agreement
with experiment at Mach nunibersof 5.0 and 6.o up to angles of attack of
approximately 3°. Estimated lift, drag, and pitching-moment coefficients,
as well as maximum lift-drag ratio, are also in good agreement with exist-
ing experimental data at a Mach number of 5.0 for a conical configuration
having an arrow plsn-fonn wing. It is also found that the generalized
shock-expansionmethod @elds reasonably gocd agreement with experiment
for the surface pressures on the half-ogive configuration at a Mach
nuniberof 5.0 and em angle of attack of 3°.

*

.

*Title, Unclassified.
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A class of flat-top wing-body combinationswas proposed in reference 1
as being capable of developing high lift-drag ratios at high supersonic
speeds. The type of configuration suggested consists of a thin highly
swept wing of essentially arrow plan form %eneath which is mounted a half-
body of revolution with its vertex common to the vertex of the wing.
Theoretical and experimental results presented in references 1 and 2 indi-
cated that these configurationshave a high aerodynamic efficiency at high
supersonic speeds. It is of interest, therefore, to consider more refined
theoretical methods for treating the flow about flat-top wing-body combi-
nations. Such methods are necessary if accurate estimates of pressure
forces and moments as well as detailed local flow p~operties are to be
obtained. Local flow conditions are required, of course, in order to
determine skin-friction and heat-transfer characteristicswhich are so —

important at hypersonic speeds.

A method for estimating the aerodmc forces on flat-top wing-body
configurationshas been presented in reference 3. This method was obtained
with the aid of linear theory. In fact, in t~e past, virtually all treat-
ments of the flow about wing-body combinations have -employedlinear theory

*.

(see, e.g., refs. 3 through 7).
.

Although these methods have been shown to
be adequate for low supersonic speeds, their application to hypersonic
speeds is questionable due to the restrictions of linear theory. Thus, at ““ “-
the present time, there is no well-established theory applicable to the
accurate pred3.ctionof the aerodynsdc characteristicsof wing-body com-
binations traveling at high supersonic speeds. The objective of the
present paper, therefore, is to obtain an improved theoretical method for
predicting the flow about flat-top wing-body configurationshaving super-
sonic leading edges. In this connection, a hypersonic theory applicable
to conical configurations is obtained. This result is then cotiined with
a slender-body approximation to the generalized shock-eqansion method to
obtain the flow about configurationswhich are curved in the stream
direction.

IW2T’ATION

a local speed of sound, ft/sec

CA axial-force coefficient, axial force

drag G
CD drag coefficient,—

G

CL
lift

lift coefficient, —
%$ -------

.

.
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pitching-moment.coefficient,
moment about vertex

%@

normal-force coefficient,
normal force

Q

P- P@
pressure coefficient, —

%0

specific heat at constant pressure, ft-lb/slug %

specific heat at constant volume, ft-1.b/slug%

entropy, ft-lb/slug %

characteristic reference length, ft

Mach number (ratio of local airspeedto local speed of sound)

static pressure, lb/sq ft

total pressme, lb/sq ft

dynamic pressure, lb/sq f%

gas constant, ft-lb/slug ‘R

ddstance along conical ray measured from vertex, ft

total plan area, sq ft

velocity component parallel to r, ft/sec

velocity compnent normal to u in a meridian plane, ft/sec

resultant velocity, U2 + V2 + W2, ft/sec

maximum velocity obtainable by expanding to zero temperature, ft/sec

velocity

angle of

ratio of

angle of

component normal to a meridian pl.azle,ft/sec

attack, radians unless otherwise specified

Cp
specific heats, ~

flow inclination in meridian plae measured from configura-
tion axis, radians unless otherwise specified

wedge angle of wing in streamwise direction
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angle of flow inclination in meridian plane measured from free-
stream direction, radians unless otherwise specified S#

angular difference between free-stream direction and locus of points
representing center of curvature of shock in plane of symmetry,
radians unless otherwise specified

semivertex angle of wing (i.e., complement of leading-edge sweep
angle; see fig. 1), ratians unless otherwise specified

Mach angle, radians unless otherwise specified

mass density, slugs/cu f%

angle of meridian plane with respect to plane of symmetry, radians
unless otherwise specified (see fig. 1)

dihedral angle at shock between streamwise plane normal to shock
and plane--containingaxis of configuration, radians umless other-
wise specified

—

dihedral angle at shock between streamwise plane normal to shock
and plane containing free-stream velocity vector, radians unless

r..

otherwise specified
.

angle between axis of cone and ray passing through vertex of cone,
radians unless otherwise specified —

angle of ray
direction,

body

evaluated at

evaluated at

evaluated at

wing

on conical shock measured with respect to free-stream
—

radians unless otherwise-specified

Subscripts

—

cone surface

external surface of vertical layer

shock wave

free-stream conditions

conditions at cp= O

conditions at cp= #

--

,.

.
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THEORY

The purpose of this analysis is to obtain a simplified theory for
predicting flow fields about a class of flat-top wing-body configurations
traveling at hypersonic speeds sad at small angles of attack. The con-
figuration to be treated is assumed to consist of a half-body of revolu-
tion mounted beneath a thin wing, the vertex of which is common to the
vertex of the body and whose leating edges are sharp and always supersonic.
Furthermore, the configuration is assumed slender and the surface slopes
are everywhere small compared to 1. In addition, the free-stream Mach
nuniberis assumed large compared to 1 and the angle of attack small com-
paredto 1. Thus, the local Mach nuniberwill be large compared to 1 and
the inclination of the nose shockwave will be small. Only flow fields
whiti are either wholly conical or conical at the vertex are studied.
Consider now the flow field as it would appear in cross-section view nor-
mal to the configuration axis. A conical flow field of the double shock
type is shown in sketch (a), where region 1 is three-dimensional in type
and is generated by the body, and region 2 is a two-dimensional flow field
generated by the wing (the configuration is presumed to be at angle of
attack). Another conical flow field is a single-shock type as represented
in sketch (b). Experimental observations of the shock-wave patterns to

\ 2/’

Oziz

\

f y\\
/

,/

/

\
-/ \_//

Sketch (a) Sketch (b)

date inticate that the flow field is of the single-shock type, at least
for configurationshaving blghly swept wings. It was also found that the
pressures on the wing were not only continuous across the entire wing but
were also higher in region 2 than the pressures which would be expected
if the flow were two-dimensional in this region. In the following ana-
lysis, approximate solutions to the flow field satisfying the boundary
conditions corresponding to the single-shock type will be obtained.

Flow About Conical Flat-Top Wing-Body Configurations

For conical flow fields, all derivatives with respect to radial
distance vanish and the equations of motion and continuity in spherical
polar coordinates become (a schematic diagram of the polar coordinate
system is shown in fig. 1)

(la)
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= o (lb)

Vaw aw 1 ap—.
X+si:w?q+

——+uw+vw cot (.0=0 (lC)
psinw?kp

and

ap2pusinu +vsinu X+p sin u% ap h+Vpcosw+w —+p — =0
%% (2)

respectively. Now the law of conservation of energy requires the following
relations to be satisfied:

7
(

lb

)(

p ap

)1

auavaw—. —-— —=- u—+v—+w—
Y -lp@ P2 * MM*

Y (Plb )(pap

H

Uau+vav at?—- —-— —=-
Y -1 h P.2 au aid X!PW5

(3)

The entropy at any point in the flow

Equations (l), (2), and (3) together

field ~ybe expressed in the form

[()]

& ‘m
Y

-ln
Pm T

(4)

with the relation

N?-”)a2=L

may be combined (by eliminating the pressure and
the equation of motion

=F-v’)(a+vcot”+%+d+i)-

-.

.

density terms) to obtain

UV2 -~2-

av w’ aw Vw av awoV2 —-——-— —-VW-=
au

(5)
sin w M sin w ~ aw

which is general for all steady-state conical flows.

It is convenient first to define the flow conditions on the leeward
or expansion side of the wing.l For flows of the type under consideration,
the expressions defining the Mach number and pressure are simply those
applicable to a flat plate and maybe written (see ref. 8)

%ince the shock wave is assumed to be always attached to the leading
edge of the wing, the flow fields on the windward and leeward sides may
be treated independently.

._

9

—
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(6)

(7)

respectively, where a is the angle of attack and ~ is the streamwise
wedge angle of the wing.

The remaining part of this analysis will be concerned with the study
of the interference flow field on the high-pressure side of flat-top wing-
body configurations. Before proceeding with the actual solution for the
flow field, it is convenient first to consider the basic assumptions
underlying the solution and to outline briefly the method of attack in
obtaining this solution. As mentioned earlier, only hypersonic flows and
slender configurations at small angles of attack are considered in this
paper. Thus, the following simplifications are mrployed throughout this
analysis:

M>>l U<<l
5<<1 a<<l

●

✜ It is further assumed that the present flow fields represent only a small
departure from flow fields generated by circular cones. The subsequent
analysis, then, will be similar in many respects to that presented in
reference 9 for the flow about circular cones at small mgles of attack.
In particular, the flow in the region of the plane of symmetry (i.e., at
cp= O) is assumed to be identical to that generated by a circular cone
in this region. The general form of the expression for the w component
of velocity employed in reference 9 is also assumed to be applicable for
the present flow fields.

The following procedure is employed tith the above assumptions to
obtain a solution for the interference flow field. An expression defin-
ing the w component of velocity throughout the flow field (see fig. 1)
is first obtained. The flow is then treated in fom parts as shown in
sketch (c), which represents the boundaries of the flow field in a plane
normal to the configuration axis.

a

+=0
Sketch (c)
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Expressions which define flow conditions along the shock (l-2), in the
plane of symmetry (l-3), in the plane of the wing (2-4), and around the
surface of the body (3-4) will be obtained in terms of flow conditions
at cp=Oandq= )’(/2. Solution of the flow in the plane of symmetry
determines all conditions at qI= O. All the expressions obtained, then,
may be written in terms of lmown quantities and/or (Y)fl,z. The parameter
(Y)fi~ is obtained by an iteration process.whichinvolves matching at
poin~ 4 the pressure calculated by proceeding along 1-3-4 to the pressure
calculated by proceeding along 2-4. A discussion of the evaluation of
(Y) is presented. An analysis of the flow off the surface, that is,
bet%:n the body surface and the shock,is discussed and expressions
defining this pati of the flow field will be obtained. Finally, analytic
expressions in closed form are obtained for the lift, drag, and pitching-
moment coefficients for conical flat-top wing-body combinations. With
these points in mind, the analysis for the w component of velocity will
now be considered.

Determination of w component of velocity.- It was found in
reference 9 that the u and q dependence of w could be separated into
a product for the case of circular cones. Since the present flow fields
represent a small departure from that of the circular cone, the same
dependence is assumed here; namely,

w
— = Wow=
Vm (8)

Furthermore, the variation of w with u is assumed to be the same as in
the case of the circular cone so that this variation between the surface
and the shock may be written (see ref. 9)

—

—

Now it is obvious that the variation of w with q will differ from that
for a circular cone since the presence of the wing will alter the boundary
conditions. The term Wa(q), then, will be defined by the polynomial
(noting that w must be an odd function)

Since w =Oat(p = O because of the symmetry of the flow and also at
9’ n/2.because of the presence of the wing, the coefficients In the
above expression are easily evaluated in terms of h~~ at q .0 and
T = If/2to yield (when combined with eq. (8))

(9)
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Expression (9) defines the
flow field on the windward

9

w component of the velocity throughout the
side of the configuration. There remains,

however, the determination of the shock-wave angle, ~, and the quanti-
ties (~2/&p)o and (&2/@)n,2. An expression for ~ will nowbe
obtained by considering the flow conditions at the conical shock.

Flow conditions at the shock.- The shape of the shock wave will be
influenced by the shape of the body, the angle of attack, and the leading-
edge sweep of the wing. For example, at u . 0° the conical shock will
be circular between the planes q = O and qJ. Tr/2provided the leading-
edge angle of the wing, h, is equal to the axially symmetric shock angle
for the complete circular cone. If h> (~)-, then the shock will
impinge on the ting leading edge at an acute angle similar to that shown
in sketch (d). The angle (y)fi,=zshown in this sketch (see also fig. 1)

t-’--l
l-(%). =.+ I

Sketch (d)

is the angle of the dihedral between a plane
plane of the wing and

normal to the shock and the

(lo)

which holds for any meridian plane. Consider now the case where a> O.
As the angle of attack increases, the pressures on the body, and therefore
throughout the flow field, increase causing the shock in the @ane of the
wing to ‘lspreadllbeyond that for u = OO. Now if the shock is to remain
attached to the leading edge, the leading-edge sweep must be decreased.
Thus, in the present analysis, there is a minimum h (maximum sweep) which
can be treated for each angle of attack. It is clear from the foregoing
discussion that if a reasonably accurate prediction of the flow field is
to be obtained, particular attention must be paid to the shape of the
shock wave. The conical shock will then be definedby a power series
in (p where the coefficients are determined from the following conditions:
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.

.

Thus, the expression

defines the conical shock with respect to the configuration axis. The
tangent operator on $ is retained in the above expression since
atq= Ye/2this angle represents the attenuation of the shock due to
leading-edge sweep and there is no way of determining a priori its order
of magnitude. Now for small angles of attack, the shock-wave angle, Q,
and flow-deflection angle, A, measured from the wind axis may be related
to the shock angle, ~ and flow-deflectionangle, ~, measured from the .

configuration axis by-

fl=~+acosq

and

A=~+acosqY

respectively. It can also be shown that, consistent
approximateions,

Y =w-
a sin q

~+acosq

where Y is the angle of the dihedral at a point on
a streamwise plane normal to the shock and the plane
axis. Thus, the oblique-shock-wave relations may be

(12) . -

(13)

with the above

(14)

the shock between
containing the wind
written

(w’ . (7 + l)%&2a2cos2Y—
VW [27&’f2’cos2Y - (y - 1)] [ (y - l)l&%Fcos%V + 21

(15)

__ &’%=’cos2Y - 1A —
F3c– +I@cMJl Cos Y

(16)

—
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P~ 27&’Q’cos% - (7 - 1)
—= (17)
Pm 7+1

Equations (n) through (17) completely define conditions i-diately
downstream of the shock wave in terms of flow parameters referred to the
configuration axis. It is clear, of course, that (ws)o and (Y)fl,a are
yet to be determined.

Flow conditions in the plane q = O.- As a by-product of the solution
of the flow in this plane, the two quantities (%)0 and (~2/~)o will
be determined. Because of the symmetry of the flow in this plane, w = O
and

Now

the equation of motion (eq. (5)) reduces to

7+ (02 -
(

v’) 2u+vcotw+
=+==%) -v2@+ *)=0(M)

av

from the flow pattern, the velocity components maybe written

.

and from equation (la)
.

.

.

u = v COS((IJ- 5)

v = -V sin(u - 5)

au
v =—

au

dV—. -tan(w - b)db
v

Substitution of the above expressions into equation (18) results in

It can also be shown that

(19)

Consistent now with the
expression may be written

.+$
6

[

1
w

Furthermore, since Mu and

J
Vsinu&p

assumption of b<<lendw<<

a6
tan(w - 5) — = O

au

1, the above

2

( )]

+law-( Mw)21-~ ——=0
vu *

8/w are both of the order of 1, there is
finally obtained (by virtue Of eq. (8))
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m Q+ (7wa%~ =——
X+(A) vs aTo

Consider now the term (h=/&p)o. If the angle
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.

0 (20) -

of attack is small and
the leading-edge angle of the wing does not differ too greatly from the
angle of the shock wave generated by the equivalent circular cone, then
one might expect the flow in the plane of syiimetryto differ but little
from that of the circular cone.2 It is assumed, therefore, that, as a
first approximation, the flow in this plane will be the same as that for
the circular cone. Then (see ref. 9)

where e is the angle between the axis of the conical shock and the
free-stream-velocityvector. It follows, then, from equation (8) that

r)
=E

$0

and,therefore, equation (20) yields upon integration (noting that
VJV = 1)

5=%X%)2”;
(21)

which defines the flow-deflectionangle. The expression for the flow
velocity is obtained by integration of the resulting combination of
equations (19) and (21) and may be written

Now the Mach number maybe erpressed in
by

. .2

terms of the above velocity

(22)

ratio

.-.

experimental results in~cate (as willbe shown later) that,at small
angles of attack, the shock-wave angles and pressure coefficients in the
plane cp= O are approximately the ss.meas those for the circular cone.

-

,

.
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.

which, after substitution of equation (22) and
terms, becomes

neglecting second-order

(23)

Finally, flow conditions at the shock are obtained from the oblique-shock
relations given by equations (15), (16), and (17) reduced to the form

2

()

(7 + 1)%2(W + a)’ (24)
E = [27&2(~ + a)2 - (7 - 1)1[(7 - 1)W2(% + ~)2 + 21

and

(25)

Ps 271&2(ws + CL)2- (7 - 1)
(26)

~= 7+1

respectively.

There remains the determination of e in order to obtain the shock-

wave angle, ~, from equations (21) and (25)” lt - be ‘h-by an
analysis identical to that presented in reference 9 thats

7 + 3 (1.’&)2l+y
_=7+lE
a 4

[ 1{ [
(%%)2~+y+l

2 1}(&%)21-z+‘n~+7 + 1 ~&5c)2

2

(27)

The shock angle can now be evaluatedby the simultaneow solution of
equations (21), (25)} ~d (27)* This has been done with the aid of the

‘An expression for 1 - ~/a was developed in reference 9 and differs

from the present relation in the logarithm term since only the first term
of a logarithm series was retained in that development.
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IBM 650 electronic computing machine, and results in the form (u@c)o
for values of l&& from 0.1 to 3.0 and G/be from O to 1 are presented
in table I. Once the shock-wave angle has been obtained from the table,
it is a simple matter to determine all the other flow quantities in the
plane q = O from equations (21) through (27).

Flow conditions in the plane of the wing ((p= Yr/2).-Because of the
presence of the wing in this plane, w = O and the conical-flow equations
obtained for the plane q = O hold identically in the plane of the wing.
TIIUS,the flow-deflection angle is definedby (noting that (WS)fl,2= h)

.

Similarly, the expressions for the velocity and Mach number become

(28)

respectively. The ratio of the local static pressure to the static
pressure at the shock for hypersonic flow is given by

P

()

MS%—=
Ps TZ-

(30)

(31)

The Mach number, flow deflection, and static pressure at the shock are,
of course, obtained from the oblique-shock relations (15), (16), and (17)
which now.become

2

P)

(7 +l)2(&A)2cos2(Y)fi,2

K=

[ 1[27(M&X)=cos2(Y)fl,2- (y - 1) (y - l)(l&J)2cos2(Y)fi,2+ 21

.

*—,

.

.

—

(32) “

.
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r

and

Ps 27(&A) 2cos2(Y)fl/2- (7 - 1)

~= 7+1

15

(33)

(34)

respectively. Consider now equation (28) in combination with equation (33).
Then,

The only remaining unknown in the foregoing expressions is (Y)fi,2.

If this angle were known, flow conditions on the wing, as well.as those
around the shock and in the plane cp= O, could be calculated by means of
the expressions so far obtained. As mentioned earlier in the discussion
of the flow pattern shown in sketch (c), (Y)fl,2 canbe evaluatedby
matching at the wing-body juncture the pressure calculated in the plane
of the wing to the pressure calculated on the surface of the body. Now
the static pressure in the plane of the wing canbe calculatedly means
of equations (31) and (34). However, in order to calculate the static
pressure on the body surface, expressions defining the flow on this sur-
face must be obtained. Attention is therefore turned to this matter.

Flow conditions on the body surface.- The concept of a vertical
singularity in supersonic flow around a cone was introduced by Ferri in
reference 10 where it was shown that all constant entropy surfaces must
intersect along the generator lying in the meridian plane on the leeward
side. It was also demonstrated that for small angles of attack the sin-
gularity lies on the surface itself. Eolt, in reference 1.1,demonstrated
that such a singularity can arise only at points where the resultant
velocity is directed along the radial line (i.e., w = v = O), and that at

the singularity the velocity is many-valued and the vorticity is infinite,
but the pressure is single-valued. For configurations of the type under

.

.
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consideration,then, the lines of constant entropy in a plane normal to
the configuration axis will appear somethi~like those shown in sketch (e). ~

+,+

Shoe lines

+=0

Sketch (e)

The singularitieswill occur at the wing-body junctures since w = v = O
and &/&p < 0 at these points. Thus, the angle of attack is assumed
sufficiently small that the singularity will remain on the surface of the
cone. The thickness of the vertical layer around the cone surface can be
neglected then, since it was shown in reference 10 to be the order of @.
Since the entropy on the surface is constant it must have the value that
exists in the plane cp= O. Thus, r

Pc = Pe — .
Vc =Ve=O

and

Ec = (E).

where the subscripts c and e refer to conditions inside and outside
the vertical layer, respectively. It follows then from equation (la)
that

or

—

dq (36)

which holds on either side of the vertical layer, even though w is
discontinuous across the layer. Consider now the w component of veloc-
ity on the surface externally adjacent to the vertical layer expressed In
the form

—=F’
(::)0

k-

.-

.

(37) .

.
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where the prime
respect tO 9.

in the above expression refers to the derivative with
Then, upn integration, equation (36) becomes

17

and the resultant surface velocity may be written

[1
2

&=
I + 28CF + (F1)2 (39)

sincey as will be shown subsequently, F and F’ are first-order quantities.

The correspondi~ Mach number ratio may be expressed as

[M..54.W4
&

[1

Ve 2

~

which, by virtue of equation (39), reduces to

[1
(%)02=~ 7-1 (~5c)02
Me 2 ~2+GJ]

(40)

(41)

where (from eqs..(9)j (~)~ and (37))

(42)

and (upon integration of eq. (42))



(43)

It can be seen from equations (42) and (43) that F’ and F are of the order of t5c. Thus, the

two fight-hand terms in equation (39) are second-order terms. The Mach nuniber directly on the

body surface, ?&, may be related to the Mach LnurIberat the vortic~ layer, &Y bY (see ref. 9)

EC-Ee
/..\2 —

k)
%! .e7~

where (by virtue of eq. (4))

(4’4)

&
Ec-Ee

‘[ 1{

27&y~ + U)o’ - (7 - 1) 7 (MJl)2cos2Y[(y- l)~z(~ + U)O* + 21
e 7CV .

27(M4)’COS’Y - (y - 1) %2(% + a)02[(7 - U(W)2COS2Y + 21}

and Q and Y are defined by equations (12) and (14)J respectively. Then,

and the ratio of the static prefisure anywhere on the body fiurface

8hock at q . 0 Is given by

Pc

[1

(w). 7-’
—.—

(PJO Mc

1 . ,.

1 1

(45)

to the static presfiure at the

(46)
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Finally, the ratio of the surface pressure to the free-stream static

* pressure maybe obtained by the combinationof equations (26) and (46)
which yields

Pc

[ 1[~12’27&2(~+a)02-(7 - 1) (Ms)o m
—=
Pm 7+1

The pressure coefficient is, of course, given by the relation

()PcCP=*F-l
w
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(47)

(48)

,
It will be noted that the foregoing eqmtions predict the ratios of local
to free-stream Mach number and local to free-stream static pressures to
be the ssme at corresponding points on related configurations, provided
the flow fields about these configurations are defined by the same
respective values of the hypersonic similarity parameters, M#c,

&@ (or m/~c)J and I&h (or A/bc). These predictions are in agreement
with those of reference 12 for inviscid flow about slender three-
dimensional shapes.

Evaluation of (Y)n/=.- We are now in a position to calculate (Y)fi,2
●

and, therefore, all flow properties on the surface of the complete con-
figuration. ~is maybe accomplished in the following manner; If the

“ Mach nuniber,angle of attack, and the conical configuration are given,
then &bc, a/be, and A/bc are known and a value for (Y)n12 is assumed.
men (*)fl/2 is knowm from eqmtion (14) and the pressure under the verti-
cal.layer at q = n/2 canbe calculated by means of equation (47). The
pressure externally adjacent to the vertical layer in the plane of the
wing canbe calculated by means of eqyations (31) and (34). Since there
is no pressure change across the vertical layer, an iteration on (Y)fi,2
can be performed until the pressures on both sides of the layer are equal.
This iteration has been performed on the IBM 650 electronic computing
machine and the resulting values of (Y)fi12for M#c from 0.1 to 3.0
and CL/5c from O to 1 are given in table I for various values of A/bc.
The values of the ratio of the static pressure to the free-stream static
pressure at the bottom of the body, (pc/pm)o, at the wing-body Juncture,

(Pc/Pm)~1=, and at the lea~--edge of the ~ng~ (P/Pm)A, are also given
in table I.

It should be noted in table I that the range of a/be is restricted
for certain values of ?/bc, As was mentioned previously in the analysis
for conditions at the shock, this results from the fact that there is a
maximum angle of attack for a given configuration and Mach number at which
the shock wave can no longer remain attached to the leading edge of the
wing. This occurs at (Y)fi/2= O, since it represents zero attenuation of
the strength of the shock. Thus, the values of A/bc given in table I

. for (Y)fl,2= O represent minimum values (maximum leading-edge sweeps) for
which the present theory will apply for a particular CL/bc and, of

.
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course, M@c, This is perhaps more clearly-demonstratedin figure 2
where (A/bc)ti is shown plotted as a function of (CL/bc)Mx for variow
M.& . Thus, for example, each line of constant &bc represents an upper

H

limit of a/be and a lower limit of A/bc on the applicability of the
theory for a given free-stream Mach number.

Flow conditions off the surface.- Since only flows at high Mach
number are considered in this analysis, the variation of the magnitude of
the resultant velocity in a meridian plane will be small. Hence, the
variation of u and v will be small and may be represented by a power
series in (w - bc) where the coefficients are evaluated in terms of the
velocity compon&nt at the surface and at the shock and its derivative at
the surface.

u=

v=

where it can

and (setting

In the above

Thus,

() ()
~+~(w-bc)%+(u~-ue) (+)2 (49)

e

()*e(w- :J (*J+ Vs (-)2
be shown that (see ref. 9)

(Qe ‘Q [(%)e +#1

v =Oineq. (5))

(%)e = Fe ‘*($)J[&2~)~ - 1]- ‘e

(50)

expressions, ~, Wez ue, and Me are given by equations (9),
(11), (38), and (41), respectively, and (~/h)e and (&/~)e maybe
obtained by the proper differentiation of
radial com&nent-of-welocity at the shock
relation

us = Vmcos(us + CL

eqwtion (9). ‘Fifilly,-the
may be determined from the

Cos (p)

and the normal component of velocity may be written

—

vs.- v~’ - us’ - FS’

where

.
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The Mach number at the shock, ~, is defined by equation (15). The
components of the local velocity anywhere in the flow field external to
the vertical layer and between the planes q = O and (p= fi/2are now
known from equations (9), (49), and (50). Hence, the magnitude and direc-
tion of the resultant velocity and, consequently, the Mach number may be
easily determined. The local pressure coefficient, then, may be obtained
from the relation

where PJPm is givenby equation (17) and
27

P

()

%
~

—=
Ps T

The flow field about slender, conical,

)1

flat-top wing-body configura-
tions traveling at high supersonic speeds and at SU1l angles of attack
can be calculated by means of the foregoing expressions. Explicit
expressions defining the lift, drag, and pitching-moment coefficients will
now be obtained.

Lift, drag, and pitching-moment coefficients.- Because of the rather
complicated nature of the expressions previously developed, resort must be
made to graphical or numerical integration of the pressures acting on the
surface in order to calculate the integrated aerodynamic forces. It iS

first undertaken, therefore, to obtain algebraic expressions, yielding the
surface pressures, which are amenable to simple analytic integration. In
this regard, the tabulated pressure ratios in table I maybe used to good
advantage. For example, it willbe noted from equation (lc) that &p/&p=O
when w=v=O. On the surface of the body, then, ~p/&p = O at q =0
and q = Yr/2,since w =-v = O at these two points. Therefore, to a good
approximation, the variation of static pressure around the body surface
may be expressed in the form

Similarly, the pressure at any axial station on the

(51)

@ng may be expressed
the derivative atin terms of the pressure at the wing-body juncture,
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since, from equation (lb), ~p/~ = O whenw = v = O. The surface pressures
can be easily calculated by means of equations (51) and (52) and with the
aid of table I. These equations are also easily integrated to obtain the
lift, drag, and pitching-moment coefficients. Thus, for example, the
normal-force coefficient for the body may be written —

whereas that due

(53)

to the wing maybe expressed in the form

{

%i=-&J’:(+)rt+* p+u.-%) ‘i-, ,H
(54)

.

where S is the total plan area and rte is the radial tistance from
the vertex of the wing to the trailing edge. The integral term in equa-
tion (54) represents the normal force due to the pressures acting on the
exposed area of the windward side of the wing whereas the last term is
the contribution due to the leeward side of the wing. The axial-force
coefficient for the body and the wing may be-written (neglectingbase
drag)

(55)

and

{

27

[

2tan5W ~ 7-1
~

CAV = -—&(g-~)

1}

-1 (56)
7%2 2

%e tangents are retained rather than the angles in the following
expression to facilitate a subsequent analytic integration to obtain the
aeroi@amic forces acting on the wing.

.,.-.—.-—

--. -’. L--
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respectively. Consider now a configuration having
as shown in sketch (f). Then

an

23

arrow plan-form wing

—

L=
------.

I
~,+ ,

1’-- h’ ~

Sketch (f)

ZBZW(tan A - tan bc)sec w
rte =

Z@an A - ZBtan5c - (Zw - ZB)tanw
(57)

and

s = zBzw(tan h - tan b=) + zB%an 5C (58)

Thus, upon substitution of equations (51) and (%) into (53) and equa-
tions (52), (57), and (58) into (54) there is obtained, upon integration,

~, 2[NiMEL-q=
[(33)(Zw

7Kn2 y
tan A )1—- l-l-l
tan 5=

—-.. —

(59)
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27

[

21 y-1
~

1}

-TM++) -1
7%2

(60)

In the case of a delta wing (i.e., ZW = ZB), equation (6o) is indeterminate
in its present form. However, it can be shown that when ZW = ZB s

CNW = ‘Q‘-)[;(5).,2+KS, -1-
Y%32

{

27

[

217-1 -~~(a-~)
7%2

The axial-force coefficient due to the body is obtained by the integration
of equation (55) which yields

(62)

The axial-force coefficient contributedby the wing is given by equa-
tion (~). Finally, the lift and pressure-drag coefficients may be
calculated from the expressions

.

(61)

--

“
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CL = c~cos a - CAsin a

CD = CACOS a + C~in a

25

(63)

(64)

where, of course,

CA = CAB + CAW

Now the expression for the pitching-moment coefficient due to the pressure
forces acting on the fuselage side of an arrow plan-form wing may be
written (see sketch (f))

(65)

which, upon substitution of equations (52)2 (57)Y and (58), may be intf=-
grated to yield

()(z Zw tan A ~
~ tan bc

‘%)lower = -

I

—-;+ll (%+’)[$$fi,2-q-

[()(

2W tan A
37%2 — -~ tan ?&

(*YK%.-(al[(*-3)(*-1)+2q3
(),W~~- 1

(66)

Since the pressure on the leeward side of the wing is assumed constant,
this contribution to the pitching-mment coefficient can be shown to be
(by virtue of eq. (7))
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The pitching-moment
is defined by

3[(*)(*-]+1]
(67)

J
coefficient for slender conical bodies of revolution

%
; CNB ‘“=-—

Thus, the total pitching-moment coefficient may be written *

2 %B + ‘~)l~er%1=-~ + ‘%)upper

In the case of a delta wing configuration (i.e., Zw = lB), the total
pitching-moment coefficient is, of course,

?m=-;CN

(68)’
.-

The lift and major portion of the pressure drag, as well as the pitching
moment, may be calculated by means of the foregoing expressions since
the pressure ratios in these expressions are tabulated in table I. It is
clear, of course, that the leading-edge tiag~.base-Pressure drag> and
skin-friction drag must also be considered in a complete evaluation of the
lift and drag characteristics of the configuration.

5The retention of the trigonometric functions is optional in these
expressions. They have been retained since they result from purely
geometrical consideration.

—

.

.
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Flow About Pointed Flat-Top Wing-Body Configurations
Which are Curved in the Stream Direction

It was demonstrated in reference 13 that many three-dimensional
hypersonic flows maybe treated by a generalized shock-expansion method
which is analogous to that employed in reference 8 for two-dimensional
flows. Application of the method in meridian planes about curved bodies
of revolution (see ref. 13) indicated that these flow fields could be
calculated with good accuracy provided the hypersonic similarity param-
eter, M#c, is about 1 or greater and the angle of attack is small. Since
the present configurations are assumed to have half-bodies of revolution,
the generalized shock-expansion method is also applicable to these con-
figurations when M#c~l and a<< 1. In fact, the general procedure of
calculating the flow is identical to that employed in reference 9. It iS
clear, of course, that the initial conical flow conditions at the vertex
are determined from the expressions previously developed in the present
paper. In this connection, expressions defining the flow downstream of
the vertex are obtained which are applicable to hypersonic flow about
slender configurations and} thus) are coqatible ~th those defi~ng the
flow at the vertex. The following expressions, then, can be deduced

m directly from those presented in reference 9 by applying the condition
of hypersonic flow and slender bodies. With these points in mind, atten-
tion-is first turned to the calculation of the

. body.

Flow conditions on the body surface.- The
Prandtl-Meyer flow relating the change in Mach
tion angle along a stresmlinee reduces to (see

flow on the surface of the

differential equation for
nuber with flow inclina-
ref. 14)

for hypersonic flows. This expression is easily integrated to yield

% ~ 7-1—=
M (c)

-T(&5c) 1-:

where & is the Mach number under the vertical layer at the vertex and
is definedby equation (45). Now the pressure rise across the shock i=
given by equation (26) and the ratio of the pressure anywhere on the body
surface to the pressure at the shock in the plane q = O maybe determined
from the relation

‘It should be noted that since w = O at q = O and cp= fi/2,the
meridian lines in these two planes are exactly streamlines.

+..
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Thus, the expression defining the pressure coefficient anywhere on the
surface of the body may be written in the form

CP =

{

wm=b’ +UJ02 -

2y

2 (y-l) Of& y-l

[ (J]}
~—.— w%).1-; -1

YWJ2 y+l Mc 2

Flow conditions in the plane of the wing.- Flow properties on the
wing surface are dictated by the flow field generated by the body in the
plane cp= ti/2,subject, of course, to the boundary conditions imposed
by the wing. Thus, the calculation of the flow in this plane is slmllar
to the calculation of the flow field between the body surface and the
shock in a meridian plane for a body of revolution. Consistent, then,
with the hypersonic approximations of the present paper, expressions pre-
sented in reference 9 for calculating the flow inclination, the static
pressure, and the total pressure along a line normal to the body axis a
short distance downstream of the vertex reduce to

,

.

b=%3[M(*- ‘)l+@dl-@-l)l}(-)2
P= ?0[

1 - YKBMB2(Y
-‘B)l‘{p’-~[1-‘KB%2(YS-4}(W

and

[

(dpt/d(3)(de/d’)
Pt=(PJB+ ~-b 1(Y - Y~i +

s

{ [

(dpt/d@ (d9/dS)1 }( )
2

(Pt)B - (PJ’ - ~ - ~ (YB - Y’) ; --~’
s

respectively, where B and S are points on the line corresponding to the
body surface (wing-body juncture) and the shock (wing leading edge),
respectively. The derivatives in the above expressions reduce to
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apt 47

[

(7 + I)’(&e)’ *

][

[(~e)2 -112—=i -
de (7 + l)e 27(~e)2 - (7 - 1) \27-1

()QEJ [
. KB *(&@2 - (7 - 1)

ds
vertex 4M@ 1

where KB is the curvature of the body at

e =ACOS ’3!

and (1/8J(&r2/&p)fi,2 is given by equation (35). The derivative given by
equation (69) is evaluated at the vertex and therefore can be determined
from the previous solution of the flow about flat-top conical configura-
tions. The shock-wave parsmeter, e, in the above expressions is defined
by equation (70) and represents the shock angle associated tith the com-
ponent of free-streszuMach number normal to the shock at the leading edge.
Flow conditions on the surface of the wing in the region of the vertex
can be completely determined by means of the foregoing expressions. The
remainder of the flow field in the plane of the wing can be calculated by
employing the procedure discussed in reference 9 pertaining to bodies of
revolution. The pressure on the leeward side of the wing maybe calculated
from equation (7).

It is interesting to note that the flow about flat-top configurations
having wings with straight leading edges, as well as those which are curved
in the stream direction, can be calculated by means of the generalized
shock-expansion method. To illustrate, consider the following three cases:
(1) a wing with leading edges which are curved but with the shock always
normal to the leading edge; (2) a wing with constant leading-edge sweep;
and (3) a wing with curved leading edges but with 10CS2 sweeps always less
than case (l). All these wings, of course, have supersonic leading edges.
Now if the shock is normal to the leadlng edge, then Y = O (see sketch(c))
and the variation of h can be determined from equation (70). This is
tantamount to replacing 8 by A in the Rankine-Hugoniot shock relations.
Thus, case (1) corresponds to the calculation of the flow on a wing which
is designed to just contain the flow field bounded by the body surface and
the bow shock and the “design’yplan form will vary with angle of attack.
The flow on the wings corresponding to cases (2) and (3) can also be cal-

. culated since A is known and, therefore, Y can be calculated from
equation (70) once 0 has been determined.

.
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In order to obtain a check on the predictions of the preceding
theoretical analysis, the pressures acting on the surfaces of several
wing-body configurationswere determined experimentally at Mach nunibers
from 3.0 to 6.o and at angles of attack up to 6°. A brief description
of these tests follows.

Test Apparatus

Tests were conducted in the Ames 10- by lb-inch supersonic wind
tunnel. A detailed description of the wind tunnel and auxiliary equipment
may be found in reference 15. The pressures acting on the model surfaces
were measured with a mercury U-tube manometer or by means of a dibutyl-
phthalate U-tube manometer when the pressures were low enough to be
recorded on the latter.

0 bent support whichPressure-distributionmodels were mnuted on a 3
could be pitched through an angle-of-attack range of -3° to +3°. The
test models consisted of three basic configurations - two coniml models

.!

and one ogive model. The conical models consisted of thin triangular
wings beneath which were mounted fuselages composed of, in one case, one-

—
.

half of a fineness-ratio-5 cone and, in the other, one-half of a fineness-
ratio-2-l/2 cone. Two wings of different leading-edge sweep were tested
on each body. In the case of the ogive model, the fuselage consisted of
one-half of a fineness-ratio-5ogive mounted beneath a thin wing, the
leading edges of which were coincident with the theoretically determined
shock wave for (Y)fl,== O (case (1) in the analysis section) at a Mach
number of 5.0 and an angle of attack of 3°. The dimensions of these
models and the location of the pressure orifices are shown in figure 3.

Pressures on the model surfaces were measured at 0°, 3°, and 60 a~les -
of attack at test Mach rumibersof 3.0, 4.0, 5.0, and 6.o. The Reynolds
nuniberper foot varied from 8.6 million at Mach number 3.0 to 1.4 million
at kfachntier 6.o. The pressures aroumd the body surface and on the h@h-
pressure side of the wing were recorded simultaneously at each Mach number
and angle of attack at stations symmetrically disposed with respect to the
plane of symnetry (i.e., ~; see fig. 3). These pressures were reduced to
coefficient form and the average pressure coefficient was assumed to repre-
sent the pressure coefficient at each meridian angle, q, and ray angle, w.

.

—
.
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Accuracy of Test Results

The variation in Mach number from the nominal value did not exceed
kO.05 in the region of the test section where the nmdels were located.
The precision of the computed pressure coefficients was affected by inac-
curacies in the pressure measurements, as well-as uncertainties in the
stream angle and the free-stream dynamic pressure. The resulting errors
in pressure coefficients were generally less than tO.005 throughout the
Mach number raage for alJ.angles of attack. The meridian angles and
angular wing stations at which the pressure coefficients are plotted are
considered accurate to within tl”.

It will be recalled

RESULTS AND DISCUSSION

in the development of the
field in the plane of symmetry (q = O)-was assumed

theory that the flow
to be the ssme as that

for the circular cone. It is appropriate, therefore, to examine the
validity of this assun@ion before proceeding with a comparison of the
theoretical and experimental surface pressures. To this end, the shock-
wave angle at 9 = O was measured from shadowgraph pictures for each test
Mach number at a = 3°. The results of these measurements are compared
in figure 4 with the shock angles for the complete cones which were also
obtained from shadowgraph pictures. Only one set of data is shown for
each fuselage since the effect of leading-edge sweep was not discernible
from the shadowgra~ pictures. Also shown for comparative purposes are
the predictions of Stoners first-order theory for inclined circular cones
(ref. 16), as presented in reference 17, along with the predictions of
the theory of the present paper. It is evident that the ting has little
effect on the shock-wave angle of the cone at CFI= 0, at least for angles
of attack up to 3°. It will be noted that the present theory yields
shock-wave angles which are slightly too large. The variatiomof pressure
coefficient at q = O with angle of attack for the two test configurations
is shown in figure 5 for the test Mach numbers 3.0 and 5.0. Experimental
results taken from reference 9 are also shown for the fineness-ratio-2-l/2
cone (5C = u.42°). As in the case of the shock-wave angles, only one
set of pressure data for each configuration is shown since the pressures
were essentially unaffected by the small changes in leading-edge sweep of
the test models. (Experimental data for a fineness-ratio-5 cone were not
available.) Stonefs second-order theory for inclined cones (ref. 18)
applied in the manner described in reference 19 is also presented except
for the case where ?3C= 11.4@ andl& = 5.0 tiich Is beyond the range of
the M.I.T. tables (ref. 20). For this case, the predictions of the theory
for inclined cones presented in reference 9 are shown. It appears in
figure 5 that the presence of the wing increases the pressures slightly
in the plane q = 0, particularly in the case of the more slender of the
two configurations. However, this effect is sufficiently small

.-4--- —=+ --
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(approximatelywithin the range of experimental scatter) so that it can,
for all practical purposes, be neglected. It should be noted that agree-
ment between the present theory and experiment improves with increasing
slenderness and increasing Mach number. On &he basis of the comparisons
shown in figures 4 and 5 it is indicated that, at least for cases where—
the leading edges of the wing are subsonic (M< 5) or moderately super-
sonic, flow conditions in the plane (p= O can be considered to be the
same as those associated with the corresponding circular cone with only
a slight loss in accuracy.

The experimental pressure distributions obtained on the four conical
flat-top wing-body combinations (see fig. 3) are shown in figures 6, 7,
8, and 9. The data are plotted in the form of surface pressure coeffi-
cients as a function of the meridian angle, q, for the body and as a
function of the difference between the ray angle, w, and the body vertex
angle, bc, for the wing. Also shown in these figures are the predictions
of the present conical-flow theory, where applicable, as well as results
obtained from reference 21 for noninclined cones. Although the latter
results are strictly applicable only for the cases where the wing leading-
edge angle is equal to the axially symmetric shock angle produced by the
body (i.e., & = 5.0, A = 130 and~ = 16.90; see figs. 6(c) and 8(c)),
the theoretical pressure coefficients are nevertheless shown for all test
Mach numbers at a = 00. It is interesting to note that the results of
reference 21 are in good agreement with experiment even for the subsonic
leading-edge cases (&< 5). It also appears from the magnitude and con-
tinuous distribution of pressures on the wing at & = 6.o that the bow
shock remains attached to the leading edge and the cone pressure field
is distributed over the entire surface of the wing. It should also be
noted that the pressures on the body are negligibly affected by the wi&-
at all test Mach numbers at a = 0°. Consider now the predictions of the
conical flow theory of the present paper. Although the theory is not
strictly applicable below a Mach number of 5.0 for the test configurations
(see fig. 2), theoretical results obtained for (!?)~1= = O are nevertheless
shown for the lower test Mach numbers at u = OO. As in the case of the
predictions of reference 21, the present theory may, from a practical
standpoint, also be considered applicable ta:.wingswhose leading edges
lay inboard of the bow shock wave at u = OO. It should be recalled,
however, that the theory is applicable to hypersonic flow fields and,
therefore, would be expected to yield good results only at relatively
high Mach nunibers. It can be seen from figure 2 that for A = 130
(A/5c = 2.28) the theory is applicable only for a = 0° at & = 5.0 and
for angles of attack up to 3° (u/bc = 0.525) at & = 6.o (fig. 6). Simi-
larly, when A = 14.6° (h/bc = 2.55), the theory is applicable for angles
of attack up to 3° at ~ = 5.0 and for angles of attack upto 5.70
(a/8c =1) at~ =6.o (fig. 7’). The same general remarks concerning the
applicability of theory also apply to the less slender configurations.
The predictions of theory where applicable are compared with experiment
for these configurations in figures 8 and 9. It will be recalled that
the development of the theory proceeded from the basic assumptions

~
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that b << 1, w<< 1, and M>> 1. It would be
should yield more reliable results for slender
numbers. It is indicated by the results shown
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expected, then, that theory
configurations at high Mch
in figures 6 through 9 that

agreement between theory and experiment improves with increasing Mach nun-
ber and, in general, agreement is better for the more slender configura-
tions. The pressure distributions calculated by means of equations (51)
and (’52)are also shown in figures 6, 7, 8, and 9 and, in general, are in
reasonably good agreement with experiment, although equation (52) tends
to overestimate the pressures slightly on the wing (compared to the more
exact equation) at a = OO. ‘It shouldbe notedin table I that (Y)fi,2

O“ when h> (%)~~attains its maximum value at u = and increases
quite rapidly with increasing h. Thus, for example, for the case where
A = 14.6° at & = 6.o andct = 0° (fig. T(d)), (Y)fiJ2 is 41°. From the
definition of Y as shown in figure 1, it can readilybe seen that the
cross-sectional shale of the conical shock will deviate considerably from
a circular arc when (’Y)fi/2= 41°.

Since the theory is based on the assumptions b << 1 and h << 1, it
is evident that when the wing semiverkx angle is large compared to the
axially symmetric shock angle produced by the body or, in effect, large
values of A/bc, the theory will tend to break down. More experimental
data are needed to detemine the practical range of applicability of the
theory with respect to this parameter. It should be noted, however, that
considerations of drag and aerodynamic heating till dictate high sweep
and, hence, moderate values of A/6c at hypersonic speeds.

It is of interest now to consider briefly the accuracy of the
predictions of theory for the M.ft, drag, and pitching-moment coefficients.
These coefficients have been calcul.atedby means of equations (63), (64),
and (68) (and, of course, table I) for a configuration having an arrow
plan-form wing (h = 15°) beneath which is mounted one-half of a fineness-
ratio-3 cone. The results of these calculations for a Mach number of ~.O
along with experimental results taken from reference 2 (model 6 in that
reference) are shown in figure 10. The drag polar was obtained by calcu-
lating the variation of drag with angle of attack by means of equation (64).
The drag coefficient was then matched with the experimentally measured
drag coefficient at G = OO. The difference in drag coefficient thus
obtained was assumed constant over the angle-of-attack range. In effect,
then, the skin-friction drag, leading-edge drag, and base-pressure drag
were assumed to be independent of angle of attack. In general, agreement
between theory and experiment is good.

As a final point, consideration is now given to the accuracy with
which the solutions for flow about conical configurations in combination
with the generalized shock-expmsion method predict the flow about wing-
body combinations which are curved in the stream direction. The pressure
distributions on the surface of a configuration having a fuselage consist-
ing of one-half of a fineness-ratio-5 ogive mounted beneath a thin wing
whose leading edges were theoretically determined so that they coincided
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with the shock wave for (’Y)fi,2= O at W = 5.0 and a = 3° were calculated
using the methods of this paper. These Mstributions along with the
results of pressure-distributiontests are presented in figure U.. The
trend of tie pressure distribution on the wing is in good agreement with
experiment. Although the absolute magnitude of the pressure is low, it
should be noted that the similarity parameter, &bc, is 1 in this case
and, thus, represents the minimum condition for applicability of the
shock-expansionmethod.

CONCLUDING REMARKS

The flow about conical flat-top wing-body configurationsat high
supersonic speeds was investigated analytically. With the assumptions of
high supersonic Mach numbers, slender configimations, supersonic leading
edges, and small angles of attack, an approximate theory was developed
yielding the Mach number and pressure distributions on the surface. Sim-
ple, explicit, algebraic expressions for calculating the lift, pressure-
drag, and pitching-moment coefficientswere also presented.” A solution
to the flow about pointed flat-top wing-body configurationswhich are
curved in the stream tirection was obtained by combining the conical flow
solution with a slender-body approximation to the generalized shock-
expansion method.

Surface pressures were obtained exgerimentally at Mach numbers from
3.0 to 6.o and angles of attackup to 6 for several flat-top wing-body
configurateions. These configurations consisted of half-bodies of revolu-
tion mounted beneath thin highly swept triangular wings. The bodies of
the conical configurations consisted of one-half of a fineness-ratio-5
cone in one case and one-half of a fineness-ratio-2-l/2cone in the other.
The body of the third configuration consisted.of one-half of a fineness-
ratio-5 ogive. For this configuration,the leafing edges of the wing
were curved and designed to just maintain the theoretically determined
bow shock along the leading edge at a Mach number of 5.0 and an angle of
attack of 3°. The predictions of the conical-flow theory of this paper
for the surface pressures were in good agreement with experiment at Mach
numbers of 5.0 and 6.o up to angles of attack of approximately 3°. Esti-
mated lift, drag due to LLft, and pitching-moment coefficientswere in
good agreement with existing experiment for a conical configuration at a
Mach number of 5.0. The generalized shock-expansionmethod yd.eldedrea-
sonably good agreement with experiment for the half-ogive conf@uration
at a Mach number of 5.0 and angle of attack of 3°.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
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Moffett Field, Calif., June 2, 1958
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ASOUT FLAT-TOP CONFIGURATIONS

.

.

w.
A a

(2)
~ o%z ~ (Y)

c)
~

80 %12 62
2

0 Xii? A
O.1o 10>992 Of)o 10.0598 01.0399 ooi660
010 10L992 OA o 099854

0U0399
01.0446

01.0138
001595

0.1o
01.0429 01.0163

102992 0.20 099112 01.0494 Ools aa
020

01.0462 01.0191
10.1992 0.30

eLo
09.8374

loA99a
01.0546 00 L440

0.40
01.0496 01.0220

09.7638 01.0599
029 10A992 0.50

001348
09.6906

01.0533 01.02s0
01.0654 OOd. 243

Oa. o 101992 0.60 09.6177
01.0572 01.0283

01.0711 00.1123 01.0614 01.0317
f)Lo IO J.992 0.70 09.5451 01.0771
020

00.09a2
IO J.992 0.80 09.4720

01_0657 01.0353
01.0833 00.0809

OJO 101992 0s o 09.4006
01.0703 01.0390

01.0896 00.0575
OJ. O 10 J.992

01.0750 01.0429
1.00 093a92 01.0962 00 D0OO 01.0799 01 J3469

O.1o 10L823 0.00 10.0598 01.0399 002557
OJ. O

01.0399 01.0138
10J 823 Oao 099854 01.0446 00 A487

OJ. O
01.0429 01D164

10A 823 020 099112 01.0494 00 Z409
O&o

01.0462 01.0191
103.823 0.30 09.8374 01.0546 00 J320

020
01.0497 01.0220

10J 823 0.40 09.7638 01.0599 ooJ.210
020

01.0533 01.0251
LO.1823 050 09 J5906 OIJ3654 002101 01.0573 01.0283

010 101823 0450 09.6177 01.0711 00.0964 01.0614 01.0317
Oao 10L 823 0.70 03;:; 01.0771 00.0794 01.0657 01.0353
Oao IOLL823 0.80 01.0833 00.0565 0L0703 01.0391
O.lcl 101823 0s o 09.4008 01.0896 00.0000 01.0750 01.0429

Ozo 10L661 0.00 10 LI598 01.0399
Odo

00 L452 01.0399 01.0139
lo.lssl O.1o 099854 01.0446 OOL 376

Ozo
01.0429

10L 661 020 099112
01.0164

01.0494 00 J290
020

01.0462 01.0191
10J 661 030 09.8374 01.0546

OJ. O IOJ661 0.40
004192 01.0497 l););::

09.7638 01.0599 001078
OJ. O 10 LL661 050 09.6906 01.0654

01.0534
00.0944 01.0573 01:0284

$?8 $U22$ :5: :3$::: 83$;+$ :g~;;g :::; :$ :::;;:
QJ61 10 J.661 0.80 09.4728 01.0833 00.0000 01:0702 01:0391

OJ. O 10J505 0.00 10.0598 01.0399 001342
OJ. O

01.0399 01.0139
10J505 010

03_o
099854 01.0446

10 LL505 020
OOJ259

:;3$+:
01.0429

01.0494
01.0164

03.0
001164 01.0462 01.0192

101505 0.30
Oao 10 LL505

01.0546
0.40

00 J.055 01.0497 01.0221
09.7638 01.0599

Odo 10L505 050
00.0924

09 J5906
01.0s34 01.0252

01.0654 00.0763
0.1o 1o.1505 0.60 096177

01.0573 01.0284
01.0711

Oao 10L5OS 0.70 09.5451
00.0544 01.06L4 01.0318

01.0771 00.0000 01.0657 01.0354

0.1o 101355 0.00 10.0598 01.0399 002227 01.0399 01.0139
0.1o 10L355 OLO
O.1o

099854 01.0446 00.1136 01.0429 01.0165
10 LL355 020 099112 01.0494 00 J029

Oao 10L355
01.0462

0.30
01.0192

09.8374 01.0546 00.0903 01.0497 01.0221
0.1o 10A355 0.40
Od. o

09.7638 01.0599
10J 355 050

00.0746 01.0534 01.0252
09.6906 01.0654 00 L1532

OJO
01.0573

10A355 0.60 09.6177 01.0711
01.0284

00.0000 01.0614 01.0318

020 10J212 0.00 10.0598 01.0399
010

oo&lo5 01.0399 01.0139
10J212 O.1o 09 S854 01.0446

0.1.o 10 Q.212 020
oo.1oo3 01.0429 01.0165

099112
OJ. O 10L212

01.0494
0.30

00.0801 01.0462
09.8374 01.0546

01.0192

Od. o 10 JL212 0.40
00.0728

09.7638
01.0497 01.0221

Od. o
01.0599

101212 0.50
00 D521 01.0534 01.0252

09A906 01 B654 00.0000 01.0573 01.0285

Oao 103.076 0.00 10.0598 01.0399
OLO

00.0975 01.0399 01.0139
102076 0.1o

OAO 10 J.O76
099854 01.0446

020
00.0857

099112
01.0429

01.0494
01.0165

CIAO XOA076
00.0710 01.0462

030
01.0192

09 B374 01.0546
Oao 10JO76 0.40

00.0508
09.7638

ola 497 01.0222
01.0599 ooKlooo 01.0534 01.0252

0.1o 10.0946 0.00 10.0598 01.0399 00.0833
020

oLo 399 olDY_40
IOJ3946 030 099854 01.0446

OAO
00.0690 01.0429 01.0165

10.0946 020 13m+:
020 10.0946

01.0494
0.30

00 D495
01.0546

01.0462 01.0193
000000 01.0497 01.0222

020 10.0823 Oao
010

10.0598 01 B399 00.0670 01.0399 01.0140
10.0823 OJO

Odo
09.9854 01.0446

10.0823 020
00.0481

099112
01.0429

01.0494
01.0165

00.0000 01.0462 01.0193

Odo 10 J3707 0.00 lo.059e 01.0399
OJO 10.0707

00.0466
0.1o

01.0399 01.0140
09 S854 01.0446 00.0000 01.0429 01.0.166

0.1o 10.0598 0.00 10.0598 01.0399 00.0000 01.0399 01.0140
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TABLE I.- FUNCTIONS FOR CALCULATING TKE FLOW ABOUT FIAT-TOP
CONFIGURATIONS - Continued

7
($=)co

05.1186
05.0504
049830
049163
04.8504
04.7853
04.7210
04.6574

4%-I+%
0.20 05.4437 0.80
0.20 05.4437 090
0s0 05.4437 1.00

04.5947
04.5328
04.4718

05 L1E16
05.0504
049830
049163
04.8504
04.7653
04.7210

013.246 003323
01 L422 00.3156
o1.1606 002973
o1.1797 002’770
01.1996 002543
012202 002206
012415 00 J. 989
01.2637 OOJ. 620
012866 001150
01.3102 00.0000

01.1246 00.3124
01.1422 00,2944
o1.1606 002745
OIJ. 79.7 00.2s22
011996 002269
012202 oo.1975
012415 oo.1618
012637 002144
01s$866 OOBOOO

012246 OC2913
OIJ 422 00s71s
01.1606 002499
011797 002249
01.1996 oo.1959
012202 003.606
012415 OOJ. 137
012637 00.0000

01.1246
01.1372
OIL 505
01.1646
OIJ.793
01.1948
012111
012280
012456
01.2635

01.0529
01.0667
01.0811
01.0961
OIJ.3 .18
011201
ol’1 449
01.1623
01.1802
011982

020 05.4080 0.70
020 05.4080 0.00
0.20 05 A080 090

04.6574
04,5947
04.5328

020
020
020
020
020
0.20
Oao
020
Oao

05.373
05.373
05.373
05.373
05373
05373
05.373
05373
05.373

0 0.00
010

: 020
030

: 0.40
0 050

0.60
; 0.-70
0 0.80

05.1186
05.0504
04.9830
:2.9;6:

OIL 246
01.1372
01.1505
O1.f 646
o1.1794
o1.1949
012111
0122.90
012453

01.0533
01.0671
01.0815
01.0966
OIJ,124
01.1287
01.1456
OIJ.630
01L805

04.7853
04.7210
04.6574
04.5947

.

.020
020
oao
020
0.20

05.3385
053385

0.00
Oa o
020
030
OA O
0.50
060
0.70

05.3186
05.0504
04.9830
049163
04.8504
04.7853
;:.:;;:

053385
053385
053385
05.3385
053305

0s0
020
020 053385

020 053047 0.00
020 053047 0.1o
020 05.3047 020
020 053047 030
020 053047 0.40
020 053047 0.50
020 053047 oh o

C&;;:

04kJ830
049163
04.8504
04.7853
04.721O

01.1246
OIL 373
01L506
01.1647
011795
01 L1948

01.0544
01.0683
01.0829
01.0902
OIJ140
01.1302

05 L186
05.0504
04.9830
049163
04.8504
04.7053

020 052393 0.00
0.20 0.52393 OLO
020 052393 020
020 052393 030
oao 052393 0.40

oao 05a078 0.00
oao 052078 OA o
oao 05a078 0.20
oao 05a078 030

053.186
05.0504
04.9830
04.9163
04.2504

05 J_186
05.0504
049830
04 S?163

01.1246 002175
01.1422 003.899
011606 OOd. 561
O1.I. 797 OO.IJ1O
011996 00.0000

01.1246
01337s
01.1507
01.1647
ol.f794

01.0547
01.0687
01.0834
01.0986
o1.1144

01 J3550
01.0691
01.0838
01.0990

01.0554
01.0695
01.0841

01.0557
01.0698

03..0560

01.1246 001874
013.422 oo.1543
011606 00 L098
012797 00.0000

01 LL246
011373
o1.1507
Old 646

020 05 J.771 0.00
oao 05.1771 OJ. O
oao 05.1771 020 I

051186
05.0504
049830 I

O1.I .246 00.1522
OIJ. 422 00 J.085
01.1606 00.0000

OIJ. 246 OOJ 070
01.1422 00.0000

011246
013.373
OIS 506

05 J.186
05.0504

051186

oao

I

05.1474

I

ODO
020 05 J.474 Od. o

011246
o1.1373

020 ~ 05.1186 I 0.00 01.1246

..-~- ~_— ----- .- ‘~..—-— . ..-. —-
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT-TOP
CONFIGURATIONS - Continued

u.
A e ()

*
($
~ (Ox,= (J

&

G (J
+

8C0 0 P
xl 2 A

0.30 039427 Ono :; .55:: 01.2390
030 039427

00.4847
OLO 012735

012391
00.4617

OLL112

030 039427
012627 013.417

0.20 03 b853 01.3097 00.4368 012878 011735
0.30 03s42-7 0s0 03.3255 01.3476 00.4098
0.30

OL3146 012065
03S427 0.40 032670 013871 003802 01.3429 012407

030 039427 050 032099 01.4284 00.3477
030

01.3728
039427 060 031541

;; 3::;
01.4714 00.3112

0.30 03 S1427 0.70 03.0997
01.4043

013162 002694 01.4373 01.3499
030 03S427 0.80 03.0466 01.5628 002194
030

01.4719 01.3882
03 S427 0.90 029950

030 039427
016112 OOL539

1.00 02.9447
015078 01.4272

01 J5615 OODOOO 01.5438 01.4655

0.30 03s971 0.00 03.5087 012390 00.4608 012390 01.1127
030 03B971 Oao 03.4464 012735
030

00.4362 012627 o1.1.433
03.8971 0s0 033853 01-3097 00.4095 012879 013.752

030 03.8971 030 ::; $;; 01.3476 003802
0.30 03.8971 0.40

013147 012084
01.3871

030
003478 01.3430 012428

03.8971 0.50 032099 01.4284 003115
0.30 03.8971

013730
0.60

;::::;
031541 01.4714 002699

030 03.8971 0.70
01.4044

03.0997 01.5162 002199
0.30 03.8971

OL4374 01.3521
0.80 03.0466 01.5620 001544

030 03.2971
OIA717 013903

090 029950 01.6112 00.0000 015064 01.4280

030 03.8519 0.00
03s519

033087 012390
030

00.4353
010 03.4464 012735

012390 OIL142
00.4089 012627 011450

030 03.8519 020 033853 01.3097 003799 012879 011770
030 03.8519 030
030

033255 01.3476 00.3478
03.8519 0.40 032670 013871

01.3148 012103
003117 013431 012448

030 03.8519 050 032099 01.4284 002701 013731 012803
030 03.8519 0.60 031541 01.4714 002203
030 03s519 0.70 03.0997 01.5162

OIA 045 013168
00 A549 01.4373 013542

030 03s519 0.80 03.0466 01.5628 00.0000 01A706 01.3913

030 03.0071 0.00 03.5087 012390 00.4079 012390 01.1157
030 03.8071 OA o 03.4464 012735 003793 012627 01.1466
030 03.8071 020 03.3853 01.3097 003474
030 033071

012880 0LJ786
030 033255 01.3476 003116 013149 012122

030 03s071 0.40 032670 013671
030

002702 013432 012467
03s071 0.50 032099 01.4284 002206 013731 o128a3

0.30 03.8071 060 032541 01/$714
030 03.2071 0.70

ooL 55a 01.4044
03.0997

013!.88
ol.516a 00.0000 01.4363 01355a

030 03.7627 0,00 03.5087 012390
0.30

oo378a 012390 olA17a
03.7627 010 03.4464 012735

030 03.7627 020
003467

033853
012628 oLL48a

013097
030

oo3~za
03.76a7 030 ;;::;:

012881 OIL805
01.3476 002701

030
01.3149 012141

03-76a7 oAO
930

:; 3;:: oo2a07 01.3433 012487
03.7627 0.50 032099 00 A555

030 03.7627 OA o 031541
013731 o1284a

01:4714 00.0000 01.4037 013199

0.30 03.7188 0.00 03.5087 012390
030

003457 012390
03.7188 OL o 03.4464

OLt187
012735

030
00.3105

03.7188
012628 01.1499

020 033853 013097
030 03.7188

002698 012881 ol18a3
030 033255 01.3476 Oo2Z06 013150 012159

030 03.7188 0.40 032670 013871
030 03.7188

00>557 013433 012505
050 032099 ol.4a84 00.0000 o~37a5 012854

030 03.6754 0.00 035087 012390
0.30 03.6754

00.3094
Oao 03.4464

012390 ol~ao2
012735

030 03.6754
002691

020 033853
012628 011515

013097 oo2a03 012882 011840
030 0345754 030 033a55 013476 00s557 0L3150 012176
030 03.6754 0.40 0~2670 01 S871 00.0000 013429 0125L7

830 03.6326 0.00 03.5087 012390
030 03453a6

002681 012390 olla17
OLO 03.4464 012735 002198 012628 ola531

030 03.6326 020 033853 013097
030 03.6326

002556
030 033a55

012882 01L856
013476 00.0000 013147 012189

030 03.5905 0.00 03S087 012390 002189 ola 390 ol~a31
030 03.5905 OL o 03.4464 012735 003552 o126a9 01L546
030 03.6905 020 033853 01.3097 00.0000 ,012880 01L870

030 03s!492 0.00 03.5087 012390
030 03S492

00 L547 012390
010 03.4464

012246
012735 00.0000 012628 01L560

030 03S087 000 033087 012390 00.0000 012390 01.1260
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TABLE 1.- FUNCTIONS FOR CALCULATING THE FLOW ABOUI FLAT-TOP
CONFIGURATIONS - Continued

WC k (c)
~e (2

+
80

(Y)
Xla

0
@

%fa
(Q

A

Iaho 03a269 Oa o 02.7295 013703 OOS 840 01.3768 013.862
Oda 03Z269 O.10 02.6729 01.4336 00.5546
OAO

01.4141 012381
03a269 020 026181 01.4921 00.5231 01.4522 012920

o.4e 032269 030 02 S652 01 S536
oAO 033269

;:$ :;;
0.40 02.5141

01.4931 013477
ol& 183

6A0 032269 0.50
01.5368 01.4052

0.40
02 A649 01.6863

03a269
00.4128

0.60 02A 176 01.7576
015834 01.4643

00.3684 01.6328 01.5250
OAO 03a269 0.70 02.3721 01 S323 00.3180
OAO

01.6850 01.5871
03a269 0.80

0.40
023285

03a269
019104 002580

0.90 02S867 019921
01.7399 01.6506

ooJ. i’99
OAO

01.7973 01.7149
03a269 Lao 02a467 02.0774 00.0000 01.8544 01.7771

OAO 0327.54 0.00 02.7295 013783
OAO 03.1754

00.5567
010 02.6729

013787 011901

OAO 032754
01.4336 00.5254

oao
01.4140 oza 421

02.6181
OAO :;~;::

01.4921 00.4916
030 02.5652

01.4522 ola 961
01.5536 00 X”551

OAO OA O 02.5141
01.4931 01.3519

01.6183
OAO 031754

00.4151
0.50

01.5369
02.4649

01.4094
01.6863 003706

OAO 033.754 060
01.6834 01.4686

::3; ;: 01.7576 003200
OAO 03 J.754 0.70

01.6327 01.5293
01.8323

OAO 03A754
mm;;:

OA o 023285
01.6848 01.5913

019104 01.7392 01.6543
0.40 03.li’54 090 02 S867 019921 00.0000 01.7937 01.7155

OA13 03.1242 0.00 02.7295 013783 00.5273
OAO

01.3786 01.1939
03 J,242 OAO 02.6729

OAO
01.4336 00.4938 01.4140 012460

03 J.242 oao 026181 01.4921 00.4573
OAO 03>242 030

01.4522 01.3001
02.5652 015536 OOA 173

OAO
01.4932 013560

03.1242 0.40 02 S141
OAO

01.6183
031242

003728
0.50 02.4649

01.5369 01.4136

OAO
01.6863 003220

03L242 0.60 02 A176 01.7576
015834

002617
01.4728

OAO 03A242
01.6326 01.5334

0.70 023721 01.8323 001829
OAO

01.6842 01.5950
03 J.242 0.00 023285 01.9104 00.0000 01.7362 01 J3553

040 03.0732 0.00 02.7295 013783
OAO 03.0732

00.4956 01.3785 of.1977
030 13;m;:? 01.4336 00;4592 01.4140 012499

OAO 034)732 oa o 01.4921 00.4193
OAO 03.073a 030 02.5652

01.4522 01.3041

OAO 03.0732
015536 00.3748 01.4932 01.3601

OA O 02.6141 01 J5183 003239
0.40 03.0732 0.50 02.4649

01.5369 01.4177

OAO 03.0732
01.6863 ooa 634

0.60
01.5034 01.4768

02.4176 01.7576 00.3.844
040 03 D732 0.70 023721

;~m::: 01.5371
01.8323 00.0000 . 01.5964

9A0 03.0227 0s0 02.7295 013783 00:4609
OAO 03.0227 0.1o

013785 012015
02 J5729

OAO
01.4336 00.4211 01.4140 ola539

03.0227 020 02&181
OAO

01.4921 00.3766 01.4523 01.3081
03 L1227 030 023652

OAO
01.5536 m:;: 01.4933 01.3642

03.0227 0.40 02.5141 01.6183 01.5369 01.4217
OAO 03.0227 050 02 A649 01.6863 00.1858
OAO

01S831 01.4806
03.0227 0.60 02.4176 01.7576 00.0000 01.6303 01.5388

OAO 029725 0.00 02.7295 01.3783 00.4225
OAO 029725 03.0 02.6729

013784 o~ao53
01 A336 003782

OAO
01.4140

029725
012578

020 02 J5181 01.4921 003274
OAO 02 S725 030

01.4523 013121
02.5652 01 S536 002667

OAO
01.4933 013681

029725 oAO 02.5141 01.6183
OAO 02.9725

002872
0s0 02.4649

01.5368 01.4255
01.6863 00.0000 01.5816 01.4827

OAO 02S227 0.00
OAO

02.7295 013783
029227

003795
010 02.6729

013783 012091
01.4336 003288

OAO 029227 020
01.4140 012616

02.6181 01.4921 002681
0.40

01.4523 013160
029a27 030 02.5652 01.5536

OAO
oo.1886 01.4932 013719

029227 OAO 02.5141 016183 00 B0OO 01.5357 01.4279

eAO 02.8734 0.00 183036 11.8904 003299
OAO 02.8734 OJ o

01.3783 012129
02.6729 01.4336 00.2! 693 01.4140

OAO oa.8734 020 02.6181
012655

01.4921 00.1898
OAO

01.4523 013197
oa.8734 030 02.5652 015536 00.0000 01.4925 013746

OAO 02.8247 0.00 02.7a95 01.3783 oo270a
OAO 02 A247 OA o 02.6’729

013783 013166

OAO
01 A336

02S247
001908 01.4140 ola692

oao oa& 181 01.4921 00.0000 01.4518 01.3228

OAO 02.7767 0.00 02.7295 013783 001916
OAO

01.3703 012203
02.7767 020 oa.6729 01.4336 00.0000 01.4138 012725

OAO 02.7295 ODO 02.7295 013783 00.0000 013783 012240

—
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TABLE I.- FUNCTIONS FOR CALCULATING TKE FLOW ABOUT FLAT-TOP
CONFIGURATIONS - Continued

%& ~
(a
%

L)
PC

:
(g

(J
P=

()
~

k To X/z!
0

T
%/2 ‘h

050 t):.)::: 0.00 022804 01.6412 006607
050 03.0 022294

01.5432 012?58
01.6217 00.6257

0s0
015905 01.3536

02.8166 020
0.50 02 S166

02ss08 01.7073 00.5886
0.30 CMm; ;g 01.7981

0L6424 01.4339
00.5493

0.59 02S166 OAO 01.8942
01.6988 01.5165

00.5071
050

01.7598 01.6014
02.81.66 050 02.0489

050
019958 00.4614

02 S166 O&o 02 LI095
01.8254 01.6886

02L 029 OOA1O9 01.8956 01.7780
0.50 02.2166 0.70 019722
0s0 02.8166

022158 003538
0.80 O1s 3.71 02.3346

019706 01.8694
002863

Qso
02.0500 019626

oaB166 0.20 019040 02.4592 00~987 02L 335 02.0570
050 02.8166 1.00 01.8728 02 S900 00.0000 022161 02A 472

050 02.7605 0.00 022804 015412 00.6305
050

01.5428 012835
02.7605 Oao 022294 01.6217 005933

0s0 02.7605 0.20 02 L808
01.5902 013611

01.7073 005538
050

01.6421 01.4412
02.7605 0.30 022345 01.7981 005114

0s0
01.6985 01.5237

02.7605 0.40
0.50

02.0906 01.8942
02.7605

00.4654
050 02.0489

01.7594 01.6084
019958 00.4146

0.50 02.7605 060 02.0095
01.8249 01.6953

02s 029 003571
050 02.7605 0.70 01.9722

01.8949 01.7844
022158 002892

05!3 02.7605 0.80 019371
01.9694 01.8753

02.3346 00.2010
Oslo 02.7605 090 01.9040

02.0480 019675
02.4592 00,0000 023.262 02.0560

050 02.7049 0.00
050

022804 01.5412 003979
02.7049 OAO

01.5425 012912
022294

050
01.6217 00.5582

02.7049 020 02 J.808
0~.5899 013686

01.7073 00.5156
050

01.6418 01.4485
02.7049 030 02J345 01.7981 00.4693

050 02.7049 0.40 02.0906 01.8942
01.6982 01S308

00.4183
ese 02.7049 0.50 02 D489

01.7591 01 J5153
019958 003604

0.50 02.7049 060 02 J3095
0L8244 01.7019

023.029 002920
050

01.8942
02.7049 0.70 019722

01.7904
022158 002032

050
01S679

02.7049 0.20
01.8804

01.9371 023346 00.0000 020419 019673

0.60 02&497 0.00 022804 01.5412 00.5625
0.50 02 J3497 OL o 022294

013422 o129e8
01.6217

0s0
005197 01s897 01.3760

02.6497 020 02.1808 01.7073 00.4733
0s0 02.6497 030 02d.345 01.7981

01.6416 01.4557
00.4219

050
016980

02.6497 0.40 02.0906 01.8942
01.5377

003638
050

01.7588
02.6497 0.50 02.0489

01 J5219

0s0 02 J5497
019958

0.60 02.0095
002949

02 L029 002056 3
01 239 01.7081

eso
01. 930

026497 0.70 019722
01.7958

02 Z158 00.0000 OIS 630 01.8811

050 02 S950 0.00 022804 01.5412 00.5237
050 02.5950 O&o 022294

015419 013063
01 J5217 00.4771

050
015895 01.3833

025950 020 02 L808 01.7073 00.4255
050 025950 030 02 J-345

01.6415 01.4628
01.7981 003670

0.50 025950 OA o
01.6978 0L5445

02.0906 01.2942 002978 01.7584 01.6283
0s0 025950 050 02.0489 019958 002079
0.50

01.8231 01.7L38
02 S950 0.60 02 f)095 02J 029 00D0OO 01-8891 01.7975

050 025408 0.00 02 S804 01.5412 00.4806
Q.50 025408

015417
OL o 022294

013138
01.6217 00.4289

050 025408
01S893

oao 021808
0L3906

01.7073 003702
0s0

016413 01.4698
02.5408 030 021345 01.7981 003007

0.50
01.6976 01.5511

02 S408 0.40 02.0906 01.8942 002102
050 025408 050 02 B489

01.7579 01 J5343
019958 00.0000 01.8201 01.7163

0s0 02.4872 Ono
0s0

022804 01.5412 00.4321
02.4872 0.1o 023294

015415 01.3213
:;.66; ; 003732

0.60 02.4872 020 022808
0L6892 013977

003034 01.6412 01.4766
050 02.487a 030 021345 01:7981
0s0 oa.48?2

002126
0.40 02.0906

01.6973 01.5573
01.8942 000000 01.7557 01 J5376

050 oa.4342 0.00 oa2804 01 S41Z 003760
0s0

01s413 01.3286
02.4342 0.10 022294 ol.6a17 003060

0s0 oa.4342 020 021808
01.5891 01.4048

01.7073
050

002148 01.6410 01.4831
02.4342 030 021345 01.7981 00.0000 01.6957 01.5616

050 023820 0.00
0s0 023820

022804 01 S412 003083
Od. o 022294

01.5412 ;; 3;;:
01.6217

0s0
002169

oa3820 020 02.1808
015890

01.7073 00.0000 016401 01:48.S2

050 oa3306 0.00 022804 015412 002188 OIS 412 013430
050 oa3306 O.1o oa2294 ol.6a17 00.0000 015886 01.4176

050 oa2804 0.00 022804 o1541a 00.0000 01.5412 01.3500

41
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TABLEI.- FUNC!TIONSFOR CALCULATING TKE FLOW ABOUT FLAT-TOP

u.

0.60
0.60
0.60
060
0.60
0.60
0.60
0.60
0.60
0.60
0.60

060
060
0.60
060
0.60
0.60
0.60
0.60
0.60
060
0.60
0.60
0.60
060
04s0
0.60
060
060
060
0.60
0.60
0’60
060
060
0.60
0A30
0.60

0.60
0450
0.60
0.60
0.60
Oho
0A50

OAO
04s0
060
OAO
0450
O&o

0.60
0.60
0.60
060
0.60

060
060
06
0.6 8

0.60
060
0.60

D&o
D40

D.60

02.5563
oa.5563
Oa.5563
oa5563
02.5563
oa5563
02S563
02.5563
oa.5563
oa.5563
oa5563

oa.4964
02.4964
02.4964
oaA964
oa.4964
02.4964
oa.4964
02 A964
02 A964
02 A964

02.4372
02.4372
oa.4372
02.4372
02A372
02A 372
oa.437a
oa.4372
oa.437a

oa3785
02.3785
023785
02.3785
oa.3785
oa.3785
02.3785
02.3785

02.3206
023206
oa3206
02.3a06
oa3a06
oa3a06
oasao6

0Z!Z634
02 J3634
oa2634
02 Z634
oa2634
oaa634

oa307a
02a07a
oa207a
oa2072
02207a

oa~sao
02a5ao
oa35 o

3oa~5 o

oa~980
oa.0980
oaa980

oa.0454
oa.0454

ois944

CONFIGURATIONS - Continued

m
z

0.00
OLO
020
030
c); :

060
0.70
0.80
0.90
1.00

0.00
Od o
020
030
0.40
050
0450
0.70
0.80
0.90

0.00
020
020
0.30
0.40
050
0.60
0.70
0.80

0.00
Od o
020
030
0.40
0.50
060
0.70

Oao
OAO
020
0.30
040
050
0.60

0.00
Od.o
020
0.30
0.40
0.50

0.00
OJLo
020
030
0.40

0.00
Od o

838

0.00
2d. o
020

3.00
3.10

3.00

01.9944
01.9489
o1906a
01.8661
olaa87
01.7930
:3.;;;:

01:7030
01.6770
ol.65a9

01.9944
01.!? 489
019062
01.8661
ol.8a87
01.793s
01.7613
01.7311
01.7030
016770

::$:; ;

o1906a
01.8661
ol.8a87
01.7938
01.7613
01.7311
01.7030

01.9944
019489
o1906a
01.8661
ol.8a87
01.7938
01.7613
01.7311

019944
019489
01 S’062
01.8661
01.8287
01.7938
01.7613

019944
019489
o1906a
01.8661
01.8287
01.7938

019944
019409
o1906a
01.8661
ol.8a87

019944
01.9489

Ilij?sf

019944
01.9489
019062

019944
019489

01s944

(FjP

0
01.7278
01.8384
019567
oaJ3830
oa2175
oa.3603
oa.5118
02.6719
oa .8410
03.0191
03 S063

ol.7a78
01.8384
01.9567
oa.0830
oa2175
oa3603
oa.5118
oa.6719
oa.8410
03.0191

ol.7a78
01.8384
01.9567
oa.0830
082175
oa3603
oasl18
oa.6719
oa.8410

ol.7a78
01.8384
019567
oa.0830
oa2175
oa.3603
02.5118
oa.6719

ol.7a7a
01.8384
01.9567
oa.0830
oa2175
oa3603
oa5118

ol.7a78
01.8384
01.9567
oa.0830
oa2175
oa.3603

ol.7a78
01.8384
01.9567
oa.0830
oaz 175

ol.7a78
01.8384

82.i?#58

01.7278
01.8384
01.9567

ol.7a70
01.2384

ol.7a78

00.7218
00 JS817
00.6400
005960
005493
00.4990
00.4437
00.3814
003079
;:3:; :

00.6889
00.6467
oo.6oa3
00.6551
00.5043
00.4485
003857
003116
002157
00.0000

00.6533
004085
00.5609
mm:;:

003900
003153
002186
00 LIOOO

00.6145
005666
00.5149
oo.458a
003943
00.3190
002216
00.0000

00.5719
00.5200
oo.46a9
00.3986
oo3aa7
oo2a46
00 D0OO

oo5a47
00.4674
oo.4oa7
oo.3a63
oo2a75
00.0000

00.4714
00.4065
oo3a98
002304
00.0000

00.4098
oo.33a9

88388A

003356
002357
00.0000

002378
00.0000

00.0000

(J
Po
T

da
01.7336
01.7931
:M:; :

oah132
oaLoo6
oa.1952
022970
oa.4058
oz.5a09
oa.6341

oz.73a5
ol.79al
01.8585
01.9317
oa.ol19
oa.0991
oa~932
oa294a
oaAo15
oaso79

01.7315
01.7911
01.8575
019307
oa.olo8
oa.0976
oad 912
oa2909
02.3907

01.7306
01.7903
01.8567
o19a99
02.0097
oa.0961
02A886
oa28 aa

ol.7a98
01.7896
01.8561
ol.9a91
oa.oo86
02.094a
oaL817

01.7291
01.7891
01.8555
o19a84
02.0073
oa.o B89

01.7286
01.7886
01.8550
o19a75
02.0033

ol.7a8a
01.7882

::$21$

ol.7a79
01.7880
ol.85a8

ol.7a77
ol.787a

ol.7a78

(i)
&

A

013797
01.4882
ol.699a
01.7129
ol.8a97
019494
oa.07al
oaa 977
oa3258
oa.4555
oa.5779

o~393a
01.5006
01.6107
ol.7a37
01.8397
019586
02.0804
oa2048
oa.3310
oa.4509

01.4065
ol.51a9
ol.6 aal
01.7343
01.8494
01.96’74
oa.0881
OZ21O7
023a80

01.4196
ol.5a49
ol.633a
01.7445
01.8507
01.9757
02.0947
022094

01.4325
01.5367
olfi 441
01.7544
01.8676
01.9829
02.0951

01.4451
01.5483
01.6547
01.7639
01.8756
OIS 851

01.4575
01.5596
01.6649
ol.77a8
01.8794

01.4696
01.5706
01.6 45

401.7 84

01.4814
01.5812
01.6819

o~.49a9
01.5904

015040

.
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT-TOP
CONFIGURATIONS - Continued

%&

030
0-70
0.70
0.70
0.70
0.70
030
0.70
030
0.70
0.70

0.70
0.70
0.70
0.70
0.70
0.70
030
0.70
0.?0
0.70

0.70
0.70
0.70
0.70
0.70
0.70
0.7
0.7 8
030

0.70
030
030
0.70
030
0.70
0.70
0.70

0.70
0.70
0.70
0.70
0.70
0.70
0.70

0.70
0.70
030
0.70
0.70
0.70

0.70
0.70
0.70
0.70
0.70

0.70
0.70
0.70
0.70

0.70
0.70
0.70

0.70
Ozo

0s’0

A

K
oa.3802
OZ3802
0Z380Z
OZ.3802
02380Z
023802
023002

0Z380Z
OZ.3602
023802
OZ380Z

0Z3171
OZ3171
OZ317Z
023171
023171
0Z3171
0Z3171
oz31t71
0Z3171
0Z3171

02 S548
OZ2548
0Z2.548
OZ2548
02.2548
OZ2548
022548
022548
0Z2548

oz_193z?
022932
02A932
02193Z
OZL93Z
OZi1932
OZL93Z
02L93Z

oza3a5
OZ13Z5
OZ.1325
021325
02 L325
02L325
02L325

0ZB730
OZ.0730
0ZJ3730
OZ.0730
OZ.0730
OZ.0730

OZ.0147
Cll:m$

02.0147
OZ.0147

019580
019580
01.9580
01S580

019031
019031
019031

01.8504
01s504

01.800Z

0.00
030
0.20
030
0.40
050
060
0.70
Oao
090
1.00

0.00
Oa o
020
030
OA o
050
0.60
0.70
0.80
0s o

ODO
Odo
020
030
0.40
0.50
0.60
0.70
0.80

O&o
Od o
030
030
OA O
050
O& o
0.70

0.00
0.1o
02.0
030
0.40
0.50
0.60

0.00
0.10
020
030
0.40
050

0.00
Oa o
0.80
030
OA O

0.00
Od o
oao
0.30

0.00
OL o
020

0.00
OL o

0.00

01 BO02
01.7598
01.72Z5
01 J5880
01.6563
01.6Z73
01.6006
01 S761
01.5538
01.5333
015147

01.800Z
01.7598
01.7ZZ5
01.6880
01.6563
01.6273
01 J5006
01.5761
015538
01.5333

01.800Z
01.7598
01.7Z25
01.6880
01 J5563
01 J5273

8$5zf12f
015538

01.800Z
01.7598
01.7225
01.6880
01.6563
01.6273
01i5006
01.5761

01.8002
01.7598
:;3:; :

01.6563
01.6273
01.6006

01.8002
01.7598
:::::;

01.6563
01.6Z73

01.8002
01.7598
01.7225
01.6880
01.6563

01.800Z
01.7598
01.7Z25
01 J5880

01.8002
01.7598
01.72Z5

Olaooz
01.7598

OIBOOZ

6)
c

0

019388
OZ.0849
0Z2420
02.4106
02 S909
02.783Z
OZ.9876
032045
03 A339
03.6760
039309

019388
02.0849
0Z2420
02.4106
025909
02.783Z
02.9876
032045
03.4339
03 J5760

02.S 388
02.0849
022420
OZ.4106
OZS 909
OZ.783Z

:%z:z$l
03 A339

019388
oZ.0849
022420
OZ.41O6
0Z5909
02.783Z
029876
032045

019380
02.0849
0Z24Z0
02.4106
02.5909
02.7832
0Z9876

019388
OZ.0849
022420
02.4106
025909
02.7832

01 S388
02.0849
0Z2420
02.4106
02 S909

019388
OZ.0849
022420
OZA1O6

01 S388
02.0849
022420

019388
OZ.0849

01 S388

(%/s

00.7711
00.7265
006807
006330
0058Z5
00 S284
00.469Z
00.40Z7
003244
00 Z234
00.0000

00.7357
00.6891
0045407
00.5897
005350
OOA 752
00.4080
003290
002Z69
00.0000

00.6973
00.6483
00 S967
005414
00 A810
00 A132

88??3$2
00.0000

00.6555
00.6034
00.5476
00 A867
00A 183
00.3379
002340
00.0000

006095
005534
00.49Z1
00.4232
00.342Z
002375
00.0000

00 S585
00.4969
OOA 277
003462
002408
00.0000

00.5009
00A 316
003498
002439
00.0000

00.4346
003529

88~:::

003550
002491
00.0000

002507
00.0000

00.0000

o?s*,
019522
oZ.0239
02> 057
oz.1975
0Z2994
OZ.4117
02S 344
026677
02.8113
029640
03J 133

01S496
OZ.0214
02103Z
oz.1949
022966
02.4084
025304
02.6625
02.8036
0Z9431

019473
OZ.019Z
O2LLO1O
02.19Z5
022940
02.4053

8E3f4t2
02.7864

01945Z
OZ.0173
02.0991
021905
022916
02.4022
025Z18
OZ.6425

019434
02.0156
OZ.0974
023.887
022893
023987
02.5107

019418
02.014Z
02.0960
02 LL870
022867
023902

OIS 406
02.0131
0ZD948
022852
0Zi?804

019396
02.03.23
02.0937
021808

019390
02.0116
02.0910

019387
02.0104

01.9388

43

(ii)A
01.4990
01.6431
01.7894
019388
OZ.0918
0Z2488
02.4098
0Z5747
02.7429
029130
03.07Z0

015204
016618
01.8059
019535
oz.lo49
022603
02.4196
02S8Z3
OZ.7473
0Z9027

01.5412
01.6800
01.8220
019677
02L 174
022710

:82882
02.7397

015614
01.6977
01.6376
019815
OZ.1293
022809
02.4352
025831

01.5811
01.7149
0L8527
019946
ozd 404
0Z289Z
02.4331

01.600Z
01.7316
01B673
02.0071
OZ.150Z
022899

01.6187
01.7478
01.881Z
02.0185
022L538

01.6366
01.7633
01.8943
02.0250

0L6538
01;7781
01s039

01J5703
01.7907

01.6860
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT-TOP
CONFIGURATIONS - Continued

M.

7iIRi
0s0
030
0.80
0.80
0s0
0.20
OBO
0.80
e.80
0.80

0.20
OBO
0.80
0.80
0.80
0.80
0.80
0.80
Q.80
0.80

0.80
0.80
OBO
0.80
0S0
0.20
0’80
0.80
0.80

0.80
0.80
0.20
0.80
0.80
0s0
0.80
0.80

0.80
0.80
0.20
0.80
0.80
0.80
0.80

0.80
Oao
0.80
OAO
0.20
0.80

OBO
0.80
OBO
0.80
0.80

0.80
0.80
0.80
080

0.80
0.80
0.80

0.80
0.80

0.20

~
k

022554
022554
oa.2554
022554
02a 554
02a554
022554
02a554
022554
022554
022554

02A897
oa~897
oa~897
oa3. 897
023.897
oade97
oaA 897
oa2097
02A 897
oa~097

oa.lz47
oa*a47
021247
023. a47
oaA247
oada47
OZ2247
02L247
oa~247

02.0607
02a607
oaD607
02.0607
oa.0607
oa.0607
02.0607
oa.0607

019977
01.9977
019977
01997’7
019977
019977
019977

019362
01.S362
01 S362
019362
019362
o1936a

01B763
01.2763
01.8763
01.8763
01A763

01.8105
01.2185
01.2185
01.8185

01.7632
01.7632
01.7632

01.7209
01.7109

ol.66al

a
G

0.00
030
020
0.30
0.40
0.50
0.60
0.70
0.80
090
1.00

0.00
0.1o
0.20
0.30
0.40
050
0.60
0.70
0.80
090

0.00
320
020
0.30
0.40
0s.0
060
0.70
0.80

0.00
OL o
020
030
0.40
0.50
0.60
0.70

Oao
OA o
020
0.30
0.40
0.50
060

0.00
03.0
020
0.30
0.40
0.50

0.00
Oao
020
0.30
0.40

0.00
OLLo
020
030

0.00
OJ. o
0.20

0.00
0.10

0.00

(J
I&

0

016621
01.6264
015939
01.5643
01.6376
01.5133
01.4914
01.4716
01 A538
01.4376
01 A230

01.6621
ol.6a64
01.5939
01.5643
01.5376
015133
01.4914
01-4716
01.4538
01 A376

01.6621
01.6264
01.5939
01.5643
015376
01-5133
01.4914
01.4716
oIA538

01.6621
01.6264
015939
01.5643
01.5376
015133
01.4914
01.4716

;::;::

01.5939
01.5643
01.5376
01s133
01.4914

01.6621
o16a64
01.5939
015643
015376
01.5133

01.6621
ol.6a64
01.5939
:3:;;:

ol.66al
01.6264
O1s 939
01.5643

01.6621
01.6264
01.5939

ol.66al
01.6a64

01.6621

(a
P

0

022751
oa.3623
02 S647
oa.78a7
03.0165
03 J3666
03.5330
::3 :;;

04.4326
04.766a

oad 751
023623
02.5647
02.7827
03.0165
032666
035330
03.8161
041159
04.4326

oa~751
oa.3623
025647
02.7827
03.0165
03.2666
03.5330
03.8161
04.1159

02.1751
oa.3623
02.5647
oa.7827
03.0165
032666
03.5330
03.8161

oa~-rsl
oa.3623
02.5647
02.78a7
03.0165
032666
03s 330

oa~751
oa.36a3
025647
oa.7827
03.0165
032666

oaz751
oa36a3
oas 647
02.78a7
03.0165

oa~751
oa.3623
oa5647
oa.7827

oa2751
02.36a3
oa.5647

02 J.75i
oa36a3

oa.1’i’5L

(Y)xf=

;:);;;

00> 130
00.6621
;: 3:;:

00.4891
00.4191
00.3371
002313
00.0000

00.7733
00.7230
00.6713
00.6170
00.5592
00.4961
oo.4a54
003424
002355
00.0000

00.7325
00.6800
006251
OOs 666
00.5029
00.4315
003477
00 S396
00.0000

00.6880
oo63a6
005736
00.5094
00.4373
oo35a7
002437
00.0000

00.6390
005798
005152
00.4427
003575
002476
00.0000

00.5846
005200
00.4473
00.3618
oo251a
00.0000

oo.5a33
00.4509
003654
002544
00.0000

00 A528
gg:g;;

00.0000

003686
002588
00.0000

002593
00.0000

00.0000

($P“ %J2

022017
oa285a
023829
02A947
02.6207
02.’7 610
02.9159
03.0855
032694
03.4658
03.6570

02A965
02.2803
02.3782
02.4e98
oa.6~54
02.7551
oa9091
03.0770
032573
03.4349

oa~917
02.a760
02.3739
02.4854
02.6107
oa.7497
029023
03.0674
032319

02 J. 875
02a721
02.3702
02.4816
02.6064
02.7444
02.8949
03.0468

02.1839
022688
023669
02.4781
02.6023
02.7387
02.8785

02.1800
oaa66L
023642
oa.4751
025981
02.7260

021783
022639
023620
02A7ao
02.5887

0!23.765
022623
02.3600
oa.4655

oa~754
022611
023560

02d.749
022594

oa~751

(Qa,.
01.6354
01.8204
02.0066
021961
023901
02.5891
02.7933
03.0026
032162
03.43ao
03.6316

01.6667
OIB 463
oa.oa85
022148
02.4060
oa.6oa4
02,8039
03a 099
032186
03.4135

01.6967
01.8714
02.0497
022328
02.4atl
oa.6146
02.8129
03.0143
032042

01.7256
01.2955
02.0702
022501
oa.4353
02.6255
oa.8194
03.0040

01.7534
019189
oa.0898
0a2664
02.4483
oa.6343
oa813a

01.7800
01.9413
02A 086
02a 817
02.4594
02.63a4

01.2056
oi96a8
02.1264
oa2954
02A 620

01.8300
01.9833
02.1429
oa.3oa5

01.8533
02.ooa6
02.1 .546

01.8753
02.0189

01.8960
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TABLE I.- FUNCTIONS FOR CALCULATING TEE FLOW ABOUT FLAT-TOP
CONFIGURATIONS - Continued.

i

a
G

0.00
OAO
020
030
0.40
050
0.60
0.70
0.80
090
1.00

u.

ose
090
090
090
090
0s0
0s0
090
090

01.5603
015288
01 S006
01.4753
01.4527
01.4325
01.4144
:; 3:::

01.3711
01 S596

02A 374
oa.6719
029261
032007
03.4959
03.8121
041495
04508a
04.8883
052900
05.7133

00.8430
00.7907
00.7385
00.6850
;:$ :;:

005044
::$:::

003373
00 JIOOO

090
090

090
e90
0s0
0s$0
090
090
090
090
090

-0s0

02A636
022638

oaa959
oa.0959
02 L1959
02n959
oa~959
02n959

0.00
Od o
020
030
0.40
0.50
0.60
0.70
0.80
0s o

01.5603
01.5288
015006
01.4753
ol.45a7
ol.43a5

oa.4374
02.6719
oa9261
03.2007
03A 959
;::::;

04 S082
04.2883
052900

00.8034
00.7500
00.695s
00 b387
00.5782
OOS 125

02i)959
02.0959
oaa959
02.0959

01.4144
013983
01.3840
013711

OOA 389
003528
002420
00 J3000

83:
090
0s0
0s0
090
090
0s0
090

02.0288
02.0288
oaLla88
02 J3288
02&288
02.0288
02.0208
02.0288
02 D288

0.00
Oa o
020
0.30
OAO
050
0.60
0.70
0.80

Ll:5g:l

015006
01.4753
01 A527
01.4325
01.4144
013903
013040

02.4374
026719
029a61

00.7606
00.7053
00.6478
00.5867
005202

:M$2Z :;5::2
oafi777 023067
02.8109 02.53L0
oa9625 02.7620
03L 325 029997
033a08 032435
03.5a56 03 A91.1
03.7a93 03.7230

032007
03.4959
03.elal
04 J. 495
04 S002
04.8883

00.4459
003588
002467
00.0000

019627
o196a7
01S627
019627
019627
019627
019627
01S627

01.5603
01.5288

02.4374
02 J5719

090
090
090
090
090
0.90
090
090

090
090
090
090
0s0
0.90
0s0

Ono
OLO
020
030
OAO
0.50
0.60
0.70

00.7138
00.6559
00.5943
00.5274
00.4524
0023645
002512
00.0000

01.5006
01.47’53
01.4527
01.4325

029a6i
032007
03 A959
03.81al
04.1495
04.5082

01.4144
013983

0.00
03.0
020
030
0.40
0.50
060

01.8978
01.8978
01.8978
01.8978
01.8978
01.8978
01.8978

01.6603
01 S288
015006
01.4753
01.4527
01.4325
01.4144

02.4374
02.6719
02 S261
032007
03.4959
03.81al
04 J495

oo.66aa
00 J5007
00.5336
00.4582
00.3697
002555
00.0000

0s0
090
090
090
090
e90

01.8345
01.8345
01.2345
01.8345
01.8345
01B345

0.00
OJ-O
020
030
0-40
0.50

01.5603
01.5288
01.5006
01.4753
01.4527
01.4326

02.4374
02.6719
oa9261
032007
03.4959
03.812i

00.6049
oo.538a
OOA 629
003742
002594
00.0000

0.00 01.6603
020 01S288
020 01.6006
030 01 A753
OA O olA5a7

oa.44a7 02.0184
oa.5419 oa2053
02.6576 02.4ola
oa.7893 02.6046
oa9a97 02.8050

090
090
0s0
0s0
0s0

01.7733
01.7733
01.7733
01.7733
01.7733

oaA 374
oa.6719
oa9a61
032007
03.4959

OOs 404
00.4659
00.3775
oo26a7
00.0000

090
090
090
Ose

01.7147 O11o
Od-o
020
030

01.5603
o15a88
015006
01 A753

oa.4374 00 A664
00.3791
00.2650
00.0000

01.7147
01.7147
01.7147

02.5392 oa2311
02.6545 oa.4212
02.7802 02.6117

oaA 378 oaa799
oas 373 oa255a
oa.6490 02.4349

015603
ol.5a88
01.5006

oa.4374
oafi 719
oa9a61

oo37e4
002659
Oonooo

090
090
090

ol.659a
ols59a
01.6592

0J30
020
020

oa.4371

I

oaso79
oa2350 022754

09e
090

090

01.6075
eid3075

015603

0.00
Oao

I

002649
Oo11ooo

.

.

0.00 I 01 S603 oa.4374 Oof)ooo oa.4374 t oa1340
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FIAT-TOP
CONFIGURATIONS - Continued

TK#o

1.00
Lao
1.00
lJ)O
l.l)o
lflo
1.00
Lao
1.00
Lao
1.00

lLJO
1.00
1.00
1.00
Lao
1.00
1.00
1.00
ILJO
1.00

lAO
1.00
1.00
1J20
L&o
1.00
lLIO
1.00
lBO

14)0
lDO
14)0
ll)o
1.00
1.00
1.00
1.00

1.00
lao
1.00
;.9:
lao
1.00
lDO
lJJO
1,00
1.00
1.00
1’00

1s0
lDO
1.00
lDO
Lao

lno
1.00
1.00
Illo
1.00
lDO
lflo

IDO
1,00

lno

oa.0945
02 J3945
02.0945
02.0945
oa.0945
02.0945
oa5945
02.0945
oaB 945
oai1945
oaB945

OaD2149
02.0249
c):)::;

02.0249
oa.oa49
oaaa49
Oa.0249
OB.0249
02.0249

01.9561
01S561
01 S561
019561
019561
01.9561
01S561
019561
019561

01.8682
ol.888a
olas8a
ol.888a
01.8882
01.8882
;;?;;;

01.8217
ol.8a17
01.8217
olBa17
01.8217
01.8217
oiaa17

01.7570
01.7570
01.7570
01.7570
01.7570
01.7570

016947
01 J5947
01.6947
01.6947
01.6947

01.6354
01.6354
01.6354
01.6354

01S798
Q15798
015798

015a89
olsa89

ol.483a

a
G

OAO
OAo
Oao
0.30
0.40
050
060
0.70
0.80
090
ID o

ODO
030
020
0.30
0.40
050
0.60
0.70
0.80
0s o

0.00
Oao
0.20
0.30
0.40
0.50
0.60
0.70
0.80

0.00
0.10
0.20
030
0.40
050
0.60
0.70

0.00
OA o
030
030
OA O
050
0.60

0.00
0.10
020
030
0.40
0.60

0.00
OJLo
020
0.30
0.40

Oao
O.10
020
0.30

0.00
Od o
020

0.00
Oa o

on o

(J~80

01.4832
01 A555
OIA31O
0.1.4093
013902
01.3733
013584
01.3452
01.3335
o13a3a
013140

01A832
01.4555
01.4310
:;3; :;

01.3?33
013584
01.3452
01.3335
013232

ol.483a
01.4555
01.4310
01.4093
013902
(3;3; ::

013452
013335

01 A832
01.4555
O1A31O
01.4093
013902
01.3733
013584
01.3452

01 A832
01.4555
01.4310
01.4093
013902
013733
013584

01.4832
01.4555
O1A31O

:?”5$::
013733

8UZ2Z
01.4310
01.4093
013902

01.4832
01.4555
01.4310
01.4093

01.4832
01.4555
01.4310

01.4832
01.4555

01.4832

02.7266
03.0143
033271
::.66::

04:4207
04.8379
052816
05.7520
06S 491
06.77a8

02.7266
03.0143
033271
03&656
04.0300
04.4207
04.8379
052816
05.7520
062491

::.::; $

03”3271
03.6656
04.0300
:;;;;;

052816
05.7520

02.7266
03.0143
033271
03.6656
04.0300
04.4207
04.8379
052816

02.7266
03.0143
033271
03.6656
04.0300
04.4a07
04.8379

:;;:::

033271
03.6656
04.0300
04.4207

Clg.;;:;

03>271
03.6656
04.0300

OB.7a66
03.0143
033271
03.6656

02.7266
03.0143
0332?1

02.7266
03.0143

02.7266

00.8685
00.8132
00.7587
00.7031
00.6451
005834
005164
00.4415
003540
ooa4z7
Ooaooo

00.8274
00.7714
00.7147
00.6558
00.5932
00.5253
00.4495
003608
002469
00.0000

!8:;;~?
00.6658
00.6026
005339
0 .4572

80 3674
002521
00.0000

00.7343
00.6744
00.6109
005417
00.4644
003737
002571
00.0000

00.6807
00.6174
00.5483
00.4706
003794
002618
00.0000

00.6210
00.5526
00 A753
003841
002659
00.0000

005538
00.4777
00.3872
oo269a
00.0000

00.4767
003879
002711
00.0000

003854
002712
00.0000

002687
00 JIOOO

00.0000

02.8033
029071
03.0376
03 J.934
033742
03.5804
03,8120
04.0691
04.3500
04.6538
049458

02.7872
02.8934
03.0249
032810
033617
03.5671
03.7972
04.0515
043270
04.5964

:;3:?9
03.0136
032701
033505
03.5549
03.7830
04.0323
042798

02.7605
02.0704
03.0037
031604
03.3404
03.5435
03.7677
039941

02.7499
02.8613
029953
03.1521
03.3312
03.5315
03.7373

02.7412
02.0538
02.9883
03.1448
033221
03.5080

02.7344
02.8479
029827
03.3.380
033046

02.7296
02.8438
oa9781
03 J. 260

02.7268
02.8411
02.9709

02.7258
02.8382

02.7a66

019691
022502
02.5290
02.8118
;;2; ;;

03.7040
04.0172
043367
04.6505
049517

02.0244
022922
02.5622
02.8382
03.1219
:;.;;:;

04:0210
04.3314
046171

:;33:2
025940
02.8633
03s.411
03.4274
03.7212
04.0195
042972

02.1253
02.3708
02.6243
02.8869
03.3.585
03.4384
03.7239
039928

023.716
02.4074
02.6532
029090
03.1739
03A 456
03.7049

022156
02.4424
02.6806
029292
03.1861
03.4348

022572
02.4756
02.7062
02.9468
03.1. 838

022966
02.5070
02.7296
02.9534

023336
oa.5362
02.7452

023682
oa.5604

02.4000
.

—
.
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TABLE I.- FUNC!TIONSFOR CALCULATING THE FiXIWABOUT FLAT-TOP
CONFIGURATIONS - Continued

WC
-A a

(e)
~

c K 80 (J+
(T)wa

0 (J? ~a (l)
h

Lao 01S985 oil o 013764 033873 009046
1.20 019985 0.1 c1 013549

03.5537 02.3959

Lao
03s 001 00.8451

019905 Oze
03.6700 02.7084

01 S364 042503 00.7873
Lao 019985 030 01.3204

03.8324 03 L75i’
04.7384

Lao
00.7286 04.0366 03.5686

019985 0.40 013066
120

052647 00.6676 042012
01 S985 0.50 012947

03971a
05.8293

Lao
00.6030 0425660 043853

019985 0.60
120

o~a043 06.43a4 005330 04.8911 04.8111
01.9985 0.70 012753 07.0740 00.4549 053560

120
05a478

o199e5 Oao
120

012675
01.9985

07.7541 003639
090 012607 08.4726

05_6591 05&931

120
002474

019985 IDO 012548
06.0945 061408

092a96 00.0000 06.5107 06.5432

120 o19a64 OJ30 013764 03.3873
120

00.8616
o19a64 OL o 01.3549

03.5171 02.4775
03.8001 00.8020

120
03.6408 02.8471

olsJa64 020
lao

013364 042503 00.7421 03.8069
o19a64 030 013204 04.7384

032198

120
00.6802

o19a64 0.40 013066
04.0129

052647 00.6145
03.6016

120 ol.9a64 ;3 ; 012947
042581 039950

05.8293
1.20 o19a64

00.5435
ola843

04.5425 04.4005
06.4324 00.4642

Lao o19a64 0.70 012753
04.2657 04.2177

07.0740 003718
Iao

05a264 052446
019264

Lao
0.20 012675

01S264 090
gg.~;::

ola607 . ;;3:$: ;Z:hz; g:-$~+:

Lao 01.8549 Oa o
Lao

013764 03.3873 00.8149
01B549 Ozo 013549

03.4853 02.5531

Lao 01.8549
03.8001 00.7543 03.6150 029029

oa o
120

013364 04a503
ol_2549

00.6917
030 013204 04.7384

03.7843 032618

Lao
00.6254 03S920 03.6327

01.8549 OA o 013066
lao

05a647
01.8549

005535
0.50 012947

04a 377 04.0164
05.2293

Lao
00.4732

01.8549 0.60 012843
04S212 04.4128

06.4324 003796 04.8415 04B199
120 01.2549 0-70
Iao

oza753 07.0740 ooa595
01B549 0.20 ola675

05.1948 052330
07.7541 00.0000 05.5443 05.6135

130 01.7844 0.00
1.20

013764 03.3873 00.7638 03.4579 02.6237
01.7844 010 013549 03.8001

lao 01.7844
00.7013

oao
03.5925 029560

013364 042503
129

0045348 03.7647
01.7844 030 013204

033016

lao
04.7384

01.7044
00.5625

0.40 013066
039737 03.6615

05a647
lao

00 A815 04a195 04.0353
01.7844 050 oia947

120
05.8293 00.3069

01.7844
04s014 04.4212

0.60
Iao

ola843 06.4324 002653 04.8162 04.8150
01.7844 0.70 o~a753 07.0740 00 J2000 05.1336 OsAeae

Lao 01.7154 0.00 013764
Lao

033873
01.7154

00 J072
010 013549

03.4348
03.8001

02.6901

Lao
00 J5416

01.7154 oao 013364
03.5736 03.0065

04a503
Lao 01.7154

::.55::
030 013204

03.7481 033394

120
04.7384

01.7154 OAO
03S581 03.6881

013066
120

052647
01.7154

00; 933
0.50

04a 032
ola947

04.0509
05.2293

Iao
ooa707 04.4812 04.4237

01.7154 oh o ola843 06.4324 00.0000 04.7674 04.-7771

120 01.6485
120

0.00
01.6485

013764
OL o

03.3873
013549

00.6441
03.2001

03A161 02.75a9
003736

120
03.5582 03D546

01.6485 oao 013364 04a503 00.4933 03.7345 03.3750
Lao 01.6485 030
Lao

013204 ::3:::
01&485

003983
OAO 013066

039448 03.-r~ao
ooa752

Iao
041874 04.0617

01S485 050 oia947 05.2293 00.0000 04.4434 043990

Lao 01.5845 0.00 013764 03.3873
Lao

00S?27 03.4018 02B 124
01S845 OL o

Lao
013549 03.8001 00.4947

01S845 oao 013364
03.5465 031004

04a503 00.4010
120 01.5845 030 013204

03.7a38 03A 083
04.7384

Lao
ooa785

01.5845 0.40 013066
039328 03.732a

05a647 00.0000 042593 04.0510

lao o13.24a Ono 013764 033873 00 A909
Lao 01 S242 OJ o

033920
013549

02.8688
::3:0;

130
OOAO02

o1524a oa o 01 S364
035384 03.1436

Lao
ooa798 03.7155 03.4385

ol.5a4a 030 013204 04.7384 00 J3000 039135 03.7361

Lao 03.A687 0.00 013764 033873 003946
120 01A687 010 013549

03.3865 029a18

1.20
03.8001

01A687
002783

oao 013364
035336 03L839

04a503 00.0000 03.7042 03.4574

Lao 01.4192 0.00 013764
120 ol.4z9a

033873 ooa731
OLO 013549

03385a
03.8001

02s 710
00.0000 03.5a95 032171

120 01.3764 0.00 013764 033873 00.0000 033873 03.0160
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TABLE I.- FUNCTIONS FOR CALCULATING THE
CONFIGURATIONS - Conti&ed

NACA RM A58F02

FLOW ABOUT FIAT-TOP

WC ~ = (?) k)
~ (Z)tia (ii)

P
e= 8= 00 0 %1= (k)A

1.40 01S366 0.00 013077 042604 OOS 271 04.4615 029220
LAO 019366 OA o 012911 w;;;
IAO 01 S366

gg:;g:
020 013770

04.5793 w:;:
04.7710

IAO 01.2366 030 01 S651
LAO

06.0041 00.7448 05.0271 04;4687
019366 OA O 012551 :;.:g:g 00,6820 !25.3440 05.0021

1.40 01.9366 050 01Z465 006-154
IAO 01.9366

05.7a06
0.60 012392

055514
08> 184

IAO 01..9366
00.5434 061561 061168

0.70 012330
IAO

09.1946 00.4632
01.2366 0.80 ola277

06.6497 06.6968
101231 00.3700

IAO 01S366
07A982 072880

0.90 01.2232 II A038 :;::g: 07.7923 0’?.8811
1.40 01S366 1.00 ola193 121366 . 003566 08.4091

1.40 01.8628 0.00 01.3077 04.I.604
1.40 ola620

00.0832
Ozo

043932
012911

03.0296

LAO 01.8628
04.7230 00.8216 04.5?74 03.5137

020
1.40 01s628

012?70 06.33-74
0.30 012651 06.0041

00.7598
00 J5958

04.72-75 04.0038

LAO 01.8628
04.9802 04.5075

0.40 012551
LAO 01S628

06.7231 00 JS282
0s o

05.3075 05.02?6
012465 07.4945 00.5550 0s.6843 05.5647

lAO 018628 060 01 Z392 083184 00.4736 064179 06S176
1.40 ola628 0.70 012330 09A 946 003787 06.6058 06.6033
LAO ola628 oa o 012277 10.1231 002574 07s405
LAO 01.8628 0.20 012232

072537
111030 000000 07.6576 07.7679

LAO 01.7896 0.00 013077 04 J. 604
LAO 01.7096

ooa 355
020

04.3345
012911

03.1289
u:;;: 00.7731 04.4818 ::.:;:;

LAO 01.7896 020 012770
LAO 03..7896 0.30

00.’? 086
012651

04.6893
06.0041 00.6402 049542 04.5435

LAO 01.7096 OA O 0125.31 06.7231
1.40 01.7896

00.5661 052753 05.0498
0.50 01.2465 07.4945 00.4835 05.6510

LAO 01.7896
05.5736

060 02a392 08.3184
LAO 01.7096

00.3873 06.0819 06J 120
0.70 ola330 091946

1.40 01.7896
002640

oa o 012277
06.5594 06.65’?7

10.1231 00.0000 07.0303 072565

LAO 01.7173 0.00 013077 04.1604
LAO 01.7173

00.7830
0..10

04.2844 032215
oia911 04.7230 00.7189

LAO 01.7173 oa o 012770
04.4425

053374
03.6526

00.6505
LAO 01.7173

04.6564 04.1042
030 ola651 06.0041

LAO
00.5760

01.7173 OAO ola551
04.9248 04.5765

1.40 01.7173
06.7231 00.4927

050 012465 07 A945
05.2471 05.0682

003954 05.6220 05.5769
LAO 01.7173 0.60 ola392
LAO

00.3184
01.7173

ooa704
0.70

06.0445 06.0959
012330 09 J. 946 00.0000 06.4702 06.5772

1..4O 01.6466 0.00 013077
LAO

04.3.604 00.7247
01.6466

04.2426 03.3007
Od. o ota9il Cw;:;

L.40
00.6576 04.4095

01.6466 020 oia770
03.7172

L.40
00.5837

01.6466 030
04.6287 04 LL504

013651 06.0041
1.40

00.5003
01.6466 OAO ola551

04.8998 04&063
06.7231 00.4024

!..40 01.6466 050 ola465
05a22i 05.0881

1.40
07.4945

01.6466 0.60 ola392
002763

08.3184
05.5919 05.5717

00.0000 05.9735 06.0331

LAO 015781 0.00 013077 041604
1.40

mm:;:
015781 OL o

04a 090
ola911 04.7230

03.3914

LAO
04.3830 03.7788

01.5781 oao ola770 05.3374
LAO

00.5053 04.6062
0.30

04.1938

LAO lis~:: OA O :1:;:?
06.0041
06.7231

00.4077
002013

04.8787 ;: .6:;:

L.40
051902

015781 050 ola 465 07.4945 00.0000 05.5367 05>280

L.4 o 015128 0.00 013077 042604 00 S851
LAO 01.5128

04.1836 03.4703
010 o~a9i~ 04.7230

LAO 015128 020
00.5058 04.3629

o~a770 05.3374
03.0370

00.4101 04.5888
LAO 015128

04.2344
0.30 012651 06.0041

LAO
002846

015120 OAO oia55i
04.8603

06.7231
04.6538

00.0000 052570 05D663

LAO 01A518 0J30 013077 04.1604 00.4999
LAO 01.4518 020

041665
ola911

03.5455

LAO
04.7230

03..4510
00.4081

020 013770
043494

05.3374
g::;;g

002853 04.5758
LAO 01A510 030 ola651 06.0041 00.0000 04.8320 04.6530

LAO w;:: 0.00 01.3077 04.1604 00A0OO
LAO O.i o ola911

04L575
04.7230

03.6168
002825

LAO 01.3966
04.3420 039466

020 012770 053374 00.0000 04s595 042931

L.40 013483 0.00 01.3077
LAO

04.1604 ooa75i 04.1559 03.6034
01.3483 Od.o 012911 04.7230 00.0000 04.3369 039900

L.40 013077 0.00 013077 041604 00.0000 04.1604 03.7440

.

.- .

.
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TABLE I.- FUNCTIONS FOR CALCLILATINGTHE FLOW ABOUT FLAT-TOP
CONFIGURATIONS - Continued.

a

K

0.00
0.10
oaa
0.30
0.40
050
0.60
0.70
0.80
0s0
la oT

1.60 01.8944
1.60 01.8944
160 01.8944
;;: 01.8944

01.8944
160 01 S944
lJSO :;3; ::
1.60
1J50 01.8944
1.60 01.2944
1.60 01,8944

ola612 05.0476 00.9414 05.3312
01S482

p;::
05.7847 00.8785

013375
05.6374

06.5900 00.8174 05.%547 04.8497
012S86 07.4638
012212 08.4061
012151 09A 169
olao99 10.4961

00.7555 061657 !05.51s3
006914
ooAa35
ooz soa
00.4686
003738
ooas aa
00.0000

06.5634 063.941
07.0450 06.8974
07.6085 07.6218
082518 08.3651
08.9701 09 Z224
09.7498 09s8 ia
10.4862 10.55L5

01i056 112435
o120ao la B590
01 J989 14.1424
013.964 15.4937

1.60 01.8194
1J50 01.8194
1.60 01.8194
160 01.8194
1J50 01.8194
1s0 01.8194
l&50 01.8194
1.60 01BZ94
1J50 01.8194
1.60 01.8194

OL)O
Ozo
0.20
0.30
0.40
0s o
0.60
0.?0
0.80
0s0

ola612
ola482
012375
01-2286
olaa12
013151
012099
012056
olao20

06.0478
05.’7847
06 S900
07.4638
;;:;;;

10.4961
11.6435
12.8590

00.8491
00.7857
00.7199
;;g;:;

00.4904
oo39a3
003669
Ooftooo

05324a
05.4839
05.7302
06D580
06.4648
06S485
07.5061
08.la83
08.7405

03.8oa8
043783
049751
05.596a
06a4ao
06.9108
07.5985
oaa95a
08sJa79

. o1261a 05.0478 00.7959
o1248a 05.7847 00.7308
ola375 06 S900 ;::;;:
olaa86 07.4638
ola212 c);):;; 00.5002
ola153 00.4010
ozao99 10.4961 002738
olao56 3.1.6435 00.0000

:; 3;::

05 J58CS4
06.0151
06.4249
069072
07.4550
08.0066

039177
04.4607
05.03a5
05.63a4
062585
069067
07.5681
08A 780

160 01.5995 Ono
1s0 01.5995 O.io
1.60 01.5995 oao
1.60 01s995 030
160 03.s995 OA O
1.60 01.5995 050
160 01.5995 0450

ola612 05.0478 00.7366
ola48a

05A760
05.7047 00.6685

ola375
053710

06.5900
olaa86

oo393a
07.4638

05.6388
00.5083 059789

olaala 08.4061 00.4085
ozalsl

063097
09.4169 m)::;

012099 10A 961
06.8659
07.3581

04.0S63
04.5394
05.0866
05 J5645
062.688
06.8909
07.4747

1.60 01.5299
1.60 01.5299
160 oL5a99
1.60 015299

0.00
0.1o
020
030
0.40
0.50

o1261a 05.0478
ola48a

::3$:; 05~a2a
05.7847

041301
053298

012375
04.6150

06.5900 00.5134 05,6053
olaa86

05A 375
07.4638 00.4141

oia21a
05S486

08 A061
05.6919

002853
olalsl

063564 062699
09.4169 00.0000 06.7905 06.8s35

160
I

01.5299
160 o15a99

1.60 01.4636 0.00
1.60 01.4636 OJ. O
1.60 01.4636 oao
1.60 01 A636 030
IJ50 01A636 0.40

o1261a 05.0478 00.5935 05.0818
ola48a

042299
Cl; l:;; 00.5134

ota375
05a990 04.6879

oo,416a 05.5796
olaa86

05d.852
07/$638 003886 0592a5 05.71a9

oi221a 08.4061 00.0000 063000 062310

LAO
I

olAoal
I

0.00
160 01.4021 Od o

o1261a
I

05.0478
I

005059
I

05.0550
ola48a I

043s61
05.7847 00.4133 052786 04.7580

160

I

olAoal

I

0.20
160 01.4021 030

ola375

I

06.5900

I

ooa809

I

05.5609

I

osaaas
012286 07.4638 00.0000 05.S837 05.7051

ola61a 05.0478 mm::; 05D414
ola482 05.7047

04.4183
052681

012375
04.8244

06 S900 00.0000 05.5390 052530

1.60 01.3471
LAO 013471
1.60 013471

0.00
03.0
020

160

I

oza99a

I

OJJO
1.60 012998 0.10

01.2612 05.0470
o1248a 05.7847

ola61a 05.0478

002759
00.0000

05.0398
0526a2

04.5049
04.8795.

.

160 I 012612 I 0.00 00.0000 05.0478 04.5840
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TABLE I.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT-TOP
CONFIGURATIONS - Continued

1 I 1

1.80 01.8643 OBO 012283
1.80
1.80
1.80

,1.80
1.80
1.80
1.80
1.80
1.80
1.80

1.80
3..80
1.80
1s0
I&o
1.80
1.80
1.80
lao
1.80

1.80
1.80
1.80
1.80
1.30
1.80
1.80
;.0:

cl;;::

01.264
01.864
01.864
01.864
01.864
01.864
01.864
01.864

01.788
01.788
01.788
01.788
01.786
01.788
01.788
01.788
ol.7a8
ol.7e B

01.713
01.713
01.713
01.713
01313
01.713
01.713
01.713
01.71.3

3 0.10 ola182
3 020 012100
3 030 012033
3 0.40 ola.979

0.50 012935
z 0.60 01 L898
3 0.70 01 A869
3 0.80
3

012.844
090 01.1824

3 1.00 01A808

6 0.00
6 oiLo
6 020

030
2 0.40
6 050
6 0.60
6 0.70
6 0.80
6 0s0

0.00
; ,OAO

020
: 0.30
3 0.40
3 050
3 0.60
3 0.70
3 0.80

o12a83
01s182
012100
012033
o1.1979
QIJ.935
011890
012869
011844
ol.18a4

o1218a
0121 0

301.20 3
01 L979
01 A935
01 A898
012869
012844

1.80 ] 01.6389 I 0.00 ] 01 S283
1218a

,12100
12033
1A979
1.1935
1.1898
ld869

1.80 01.4954 0.00 o12a83
1.80 01A954 O.10
Lao

012182
01,4954 0.20 012100

lao 01.4954 0.30
lao

012033
01.4954 0.40

1.80
011979

01.4954 0.50 011935

1.80 ol.4a84 0.00
1.80 ol.4a04

olaa83
O.1 0

1.80
012182

oz.4a84 020 012100
1.80 OIA284 0.30
1.80 01.4284

012033
O&o 01L979

lBO 013666 0.00 o12a83
1.80 01.3666 0.10
1.80

o1218a
013666 020 012100

1.80 013666 0.30 012033

1.80

I

013117

I

0.00
1.80

I

o12a83
01.3117 0.10

1.80
o1218a

013117 020 012100

I

06.0504 009509
069862
08.0087
09.1181
10.3141
11.5967
la9656
14.4a06
159615
17S881
19.3002

06.0504
0636;;;

093.181
10.3141
115967
la.9656
14.4a06
15 S615
175881

00.8874
oo_aa55
oo.76a9
00.6978
oo.6a91
00.5548
oo.47aa
00.3763
002540
00.0000

009068
00.8434
00.7796
00.7134
00.6435
OOS 678
00.4838
003861
002614
00.0000

060504 00.8585
06.986a 00.7943
08.0087 00.7277
09 J. 181 00.6570
103141 00.5804
11.6967 00.4951
12.9656 00.3957
14.4206 002688
159615 00.0000

06.0504 t 00.8050

06.0504 00.7450
06.986a 00.6761
08.0087 00.6000
09.1181 00.5139
10.3141 00.4128
113967 0028a6
129656 00.0000

06.0504 00.6771
06986a 00.6036
08.0087 00.6191
09.1. 181 00.4185
10.3141 002880
11.5967 00.0000

“06.0504 00.5995
06986a 005187
08.0087 00.4205
091.181 002913
10.3141 00.0000

06.0504 00.5100
06906a 00.4168
08.0087 002913
091181 00.0000

06.0504
069862
08.0087

06.0504
069862

06.0504

00.4054
002866
00.0000

oo276a
00.0000

00.0000

(?J
PO

%)a

06.7661
06_8456
07.0838
07.45a5
07s397
08.5397
092488
10.0634
10.9761
119683
la9010

06.5989
06.7261
06.9895
0737a8
07.8603
08.4718
09.1794
099052
10.8736
11.726a

06.4566
06.62al
06.9075
07.3039
07.8067
08.41al
09~15a
099031
10.6765

063364
06.533a
06.8375
072453
07.7536
08.3582
09.0490
09.7443

062369
06.4593
06.7793
07.1962
07.7oia
08.3045
08.9aa7

06A 574
06,4000
06.73a7
07J 555
07.6633
08,2060

06.0979
063560
06.6973
07.lao6
07.6895

06.0587
063a73
06.6719
07.0697

06.0395
063131
06.6436

06.0380
063066

06.0504

60)
L

A
042675
05.071e
05.875e
06.6986
07.5471
08.423a
09.3263
io253a
112973
las4al
12.9718

04.4264
05,1798
05.!? 503
06.7471
07.573a
08.4281
093094
102109
11.llel
11.9a59

04573a
0528ao
06.oao3
06.7908
07.5931
08.4a49
092804
10 J.466
lo9a93

04.7111
053795
06.0861
062a95
07.6063
00.4113
0923a4
099865

04.8422
05.47a9
06.1480
06.86a9
07.6114
0838 aa
093.030

049683
05.5631
062063
06.8905
07.6045
082865

05.0908
05.6507
062609
069099
07.5461

052103
05.7359
06.3106
06.8930

053a60
05.8175
063374

05.4357
05.8857

05.5360

.—.

.

.
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TABLE I.- FUNCTIONS FOR CALCULATING TEE FLOW ABOUT FLAT-TOP
CONFIGURATIONS - Continued

w.
-A = (c)2 (e)

Pc (~Pz 52 To m
X/a

0 XJa
(~?.

a.oo 01.8422 0.00 01 S042 071690
a.oo

009573
o~B 42a

08&681
OLO 01.1963 083278

05.0824
00.89.36 082043 06.0517

2ao 01.8422 020 oli901 095939
aao

00.8313
01.8422

08.4504
0.30

07.0266
01A851 109671

2.00
00.7680

ol.842a
08.8875

OAO 01 A812 12.4471
08.0272

00.7024 09.4730
2.00

09.0606
01.8422 0s0

2.00
011780

01.8422
3.4.0337

060 012755
cmm:~:

15.7266
:::;;; 10A289

2.00 01.8422 0.70 01 L735 17S 256 00.4748
11.2306

12k851
aao 02B4aa 0.20

12.3616
011719 19.4302

2.00
00.3781 132169

f21.84az 090 OIJ-706 21.4404 002548
13.5132

2.00 ol.842a
14.4484

In o 012_697
14.6648

23.5559 00.0000 15.6018 15.6713

2B0 01.7659 0.00 012042
2.00

07.1.690 OOs 134 079329
01.7659 OAO 012963 08.3278

052671

2110 01.7659 020
00.8497

ol&901
08.0398

095939
;: 3;::

2D0 01.7659
00.7853

0.30 OIJ.851
08.3314

109671 00.7185 08.7825
aao

08.0801
01.7659 0.40 OIJ-812 12.4471 00.6479

2.00 01.7659
09.3806

050
09.0858

011780 14.0337
2.00

005716
01.7659 0.60 ola755

10L185 10L277
1.5.7266

2D0
00.4867 109903

01.7659 0.70 o1.1735 17.5256
112020

2.00 01.7659 0.80
003882

01 L719 19.4302
119872 12.3011

ooa625 13.0883
2no

13.4062
01.76!59 0s’ o 01.1706 21.4404 00.0000 14d421 143860

2.00 01.6900 0.00 012042 07a690
2s0

00.8652 07.7334 05.4389
016900 Oao 011963

2s0
08.3278 00.8006 07.2972 06a954

01.6900 oao o1.1901 095939
aao

00.7333 082215 07 L907
olh900 030 Old.851 109671 00.6619 08.6922 08.1270

2ao 01.6900 0.40 01L812 12.4471
2.00 01s900 0.50 01.I.780

00.5845 09.3014 091033

2.00
14.0337 00.4984 ;::::; IoA160

01.6900 0.60
2.00

o1.1755 16.7266 003982 11L580
01.6900 0.70 01 J735 17.5256

2D0
ooa701 1.12845 122124

01.6900 0.80 011719 z9.430a 00 D0OO 12.8395 13 LL616

2.00 01.63-49 Oao
2.00

012042
01.6149

071690 00.8115 07_5653 05.6009
Oao Old.963 083278 00.7451 07.7756 06.4085

2.00 01.6149 oao 012901 09.5939 00.6738 081200 072650
2.00 01s149 0.30
2.00

01A851 109671
016149 0.40

OOS 961
012812 12.4471

08.6158
00.5091

081676
092338 09.L120

s%; M;g ::: MM;: pw; nwj: pi: if:8Zh4
2LI0 . 12.0035

a.oo 01.5413 ODO 012042 073.690
2.00

00.7511 07.4263 05.7557
01s413 OLO 011963

2D0
083278 00.6817 076746 06.5172

01.5413 oao 012901 095939
2D0

00.6048 08.0507 073347
01s413 030 01 A851 109671 00.5179 08.5523 08ao17

2.00 01.5413 0.40 011812 12.4471 00.4158 092751 091103
2s0 01.5413 0.50 oIA780 14.0337
2.00

ooa844 099085 10.0462
015413 0.60 011755 15.7266 00.0000 10.6685 109189

2.00 02.4700 0.00 olao42 071690 00.6825 073155
2D0

059057
01,.4700 0.10 01.1963 083278 00.6085 07.5941 06.6227

2D0 01.4700 0.20 01 L901 095939 ::.5::; 07.9891
2.00

;:.:;;:
014700 030 012851 1096?1

2.00 01.4700
08.4999

0.40 01 A812 12.4471 002899 092198
2D0

09.0933
01.4700 0.50 01a780 14.0337 00.0000 09.7843 099176

2D0 01.4025 0.00 olao42 072690 00.6038 072328 06.0527
2D0 o~.4oa5 oiLo 01 A963 08.3278 oos aas 07..5345 06.7261
aso ol.4oa5 020 01 L901 09s 939 00.4235 079426 07.4617
2ao 01.4025 030 011851 109671
aao

002933 08.4553 08a451
01.4025 0.40 011812 12.4471 00.0000 09.0265 09.!3121

ano 013403 0.00 olao42 071690 00.5130 071786
aao

06&978
013403 0.1o

aso
011963 083278 00.4193 07.4960 06.2276

013403 oao 011901 09s 939 ooa930 079097
a~o 013403 030

075177
013.851 109671 Oo11ooo 083909 082169

ano 01.2856 0.00 olao42
2.00

07~690
01.2856 010

00.4066
011963

071524
083278

06.3399
002.876 07.4776

aao ola856 oao
069259

012901 095939 00.0000 07.8742 07.5465

2.00 ola400 0.00 012042 07~690
2J% 012400 OLO

ooa761
01~963

07d.513 06.4757
083278 00.0000 07.4706 07.0088

2D0 olao42 0.06 olao42 07d_690 00.0000 07.1690 066000
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TABLE 1.- FUNCTIONS FOR CALCULATING THE FLOW ABOUT FLAT-TOP
CONFIGURATIONS - Continued

w.
~ a L)?0 (JPc
5= z To (Y)

(J
P#

IT12 (C)
+

W.Q A

aso ol.807a OD o 01 L662 ;;.:;:;
aso ol.807a

009667 la.4136
O.1o

07,5173
ol.16al

a.50
oosoae laa6~3 009691

ol.807a
aso

oao
ol.807a

old59a 14a 863 00.8399
0.30 011570

la.5308
16.44ao 00.7758

1 .4449

a~o ol.807a 0.40 o1.1554
132a38 lf9677

18.7639
aso

00.7093 139943 13.5453

aso ;;$:~~ :;: w::: :33::2 ::32:; ?:247; :Zizgg
aso 01.8072 26.7a17
2.50 ol.807a ok o

00.4785 18.0614
014528

18.5974
a9.7036

aso ol.807a 0s o old5a7
00.3806 19.8487 ao.3603

3a.8495
a.50 ol.807a 1.00

ooa559 al.7957
o~~5a7

azd. aos
36 A591 00.0000 23.6068 23.6466

a.50 o~.7a99 0.00 012662 IO A755
aso

oo9a32 119517 07.7739
ol.7a99 O.1o o126al 18.2973

aso
00.8591

o~.7a99
119516 09.1415

020 91a59a 14a863 00.7939 la.3o18
as. o ol.7a99 0.30 011570

10.5575
16.4420

a.so 01.7299 OAO
00.7262 12.9417

ola554 18.7639 00.K546
12.0318

a.50 01.7299 0s0 o1.1543
13.8397 13.5661

ala515 00.5771 149760
aso 01.7299 oh o m:;:

15.1581
a3s 04a

aso o~.7a99 0.70
00.4911 16.3384

a6.7a17 oo39~a
16.8008

aso 01.7299 0.80 o125a8
17.9068

a9.7Q36 002640
18.4813

19.6443 ZO.I. 691
2.50 01.7299 090 old5a7 3a.0495 00.0000 a12984 al..6545

aso 016s30 0.00 01.1662 10.4755
2s0 01.6530 Od o

00.8753
olJ6al

lls62a 08.0145
la2973

aso
00.8100 11.6851 09.3049

01.6530 020 o~>59a 142863
as o

00.7418 12L 053
ol&530 0.30

10.6619
011570 16 A420

a.so
00.6694 ia.7871 12.0859

oi&530 OA O 012554 18.7639
2.50

00.5909 13.7093 13.5740
01s530 050 011543 ala515

2,50
OOs 034

01.6530 0.60 :;2:::
14.8566 151195

a3s 042
aso

00.4018 16.2126 16.7102
01.6530 0.70 26.7a17

2s0
oo27ao 17.7455

ol&530 0s o o125a8 a9.7036
18.3186

00.0000 19a 424 19.7568

aso 01S766 0.00 011662 10.4755
aso 01 S.768 O.10

oo.oa15
ol.16al laa 973

112357 082433

aso ols76a
00.7543 11.4593 09.4610

aso 01 S768
0s0 olA59a 142863 oo.68ao
030 013.570 16.4420

119398
00.6031

10.7586

aso 01 S768 0.40 0X L554
12.6581 121a99

18.7639
aso 01.5768 0s0 old.543

00.5148 13.5999 13.5673
alasls

2.50 01.5768
00.4117

0.60 01..I535
14.7507 15.0586

a3904a
2.50

002799 16.0838 16.5790
01S768 0.70 01 L530 26.7217 00.0000 17A237 1796a3

aso oz.soao 0.00 01 A66a 10.4755
2.50 01s020 O.1o

00.7607
01A621

109667
12a 973

08.4642

aso
00.6904 l127a6 09.6119

ol.5oao 020
aso

olz59a 142863 oo.61a3
o~soao 0.30 01.1570

11.8040
16.44ao

10.8485

as. o
oosa41 la.552a 12.1631

olsoao 0.40 01.I.554 18.7639 oo.4a04 13.5064
a.50 olsoao 0s0 o1.1543

13.54a8
a12515

aso
ooa 871 14.6455 149642

olsoao 0.60 011535 a3s 04a 00.0000 15.8286 16a8a7

aso olAa95 0.00 01d662 10.4755 00.6910 lo.75a5
aso

08.6815
oiAa95 0.3.0 ol.16al 122973 00.6160

2.50 olAa95 020 01d592
11A 244 09.7597

142863
aso 01.4295

oo.5a95
0.30 OIJ.570

LI.5967 10.9325
16.44ao

2.50
oo.4a65

olAa95
12.4660

0.40 01 J554
12A 843

18.7639
aso

oos9a8 13.4185
01A295 0s0

13.49a7
012543 a12515 00.0000 14.4460 14.7345

aso 013610 0.00 ;: 2::; 10.4755
asf3

00.6106 10s930 08.8989
01.3610 0.10 laa 973 00.5284 11.0154

aso
099070

01.3610 oao 011592 142863
aso ;:3:; : 0.30

00.4281
old570

11.6167 11.0114
i6.44ao

aso 0.40
ooa 961

01 J554
12.3930 12.1894

18.7639 00.0000 13a675 3.3.3394

a50 012983 0.00 01 Q662 10.4755
250 012983

OOs 173
Oao oIJ.621

10.4891
la2973 oo.4a28

09 J. 186
10.9460 10.0550

aso ola983 oao 01 S592 14&! 863
aso

002953 l1361a 11.0836
012983 030 011570 16.44ao 00.0000 12a883 123. a43

2.50 012439
aso 01.2439

0.00 o1.1662 ::$ ;:;
OA o

00.4080
ol.16al

10.4403
002886

09.339a

aso 012439 oao olL59a
10.9149

14 Z863
loaole

00.0000 11.5046 11.li58

aso 012997 0.00 01 L662 10.4755
2.60

002751 10.4404 095535
o1.1.997 0.10 01.1621 la2973 00.0000 109074 10.3281

B.50 Old.662 0.00 01 J662 10 A755 10.4755 09.7500

I
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T~LE I.- FUNCTIONS FOR CALCULATING H.- ~0~ ~T-~
CONFIGURATIONS - Concluded

w.

3.00
3ao
3D0
3D0
3.00
3.00
3ao
3D0
3D0
3D0
3.00

3130
3.00
3.00
3.00
3D0
3.00
3.00
3ao
3Llo
3D0

3XI0
3.09
3D0
3D0
3.00
3D0
3.00
3.00
3110

3no
3.00
3.00
3.00
3no
3ao
3s0
3no

3f)o
3D0
3.00
3.00
3.00
3.00
3.00

3.00
3D0
3JJ0
3.00
:;:

3D0
3.00
3.00
3ao
3ao

3D0
3.00
3D0
3.00

3s0
3.00
3.00

3D0
3D0

3.00

~
8=

01.7074
01.7874
01.7.974
01.7874
01.7874
01.7874
01.7874
01.7874
01.7874
01.7874
01.7874

01.7097
01.7097
01.7097
cl:.:;;;

01:7097
013097
01.7097
01.7097
01.7097

olh 32a
olA3a2
o~s3a2
ozA 32a
o~A32a
o~h3a2
ol&3a2
o~h3a2
olh3aa

015554
015554
01.5554
01.6554
015554
015554
015554
01.5554

01.4798
01.4798
01.4798
L31A798
01.4798
01.4798
01.4798

01.4067
01.4067
01.4067
01.4067
01.4067
01A067

013375
01.3375
01.3375
013375
013375

012745
012745
ola745
012745

ola203
o12a03
ozaao3

011770
o1.1770

01L450

=
&

0.00
OJ. O
020
030
0.40
0.50
0.60
0.70
0.80
0s0
lDO

0.00
OA o
020
0.30
0.40
0.50
060
0.70
0.80
090

0.00
020
020
030
0.40
050
060
0.70
0.80

0.00
Od.o
oao
030
0.40
050
060
0.70

0.00
Oa o
020
030
0.40
050
060

0.00
0.10
020
030
0.40
0.50

0.00
OJO
020
030
OA o

0.00
OLO
oao
0.30

ODO
Oao
020

0.00
Oao

ODO

(%)5
0

oliL450
o1.1433
ola4aa
Ola416
01L414
old.414
012416
01.1420
olA4a5
01 L430
01.1436

OIJ.450
01A433
olA4a2
011416
012414
ollL414
OIJ.416
ol~4ao
ol14a5
o1.1430

OIJ.450
01L433
ol~4a2
01 A416
012414
01 Z414
01.1416
011420
olz4a5

013.4s0
011433
ol14aa
Oli416
012414
011414
01.1416
01A420

01L450
01.1433
01~4a2
Q1.1416
012414
012414
OIL416

01.1450
012433
o~~42a
01>416
011414
01 L414

011450
011433
oz~4a2
011416
011414

01 L450
011433
o~z4aa
012416

011450
01L433
o~z4a2

011450
012433

011450

(J& 0
;;$ :::

20.0211
a3~345
26.4863
30.0756
339019
37.9646
4a263a
46.7972
51 S663

~4s~a8
17.3.469
20.0 all
232345
26.4063
30.0756
339019
379646
4a2632
46.797a

;::::;

20.0211
231345
26.4863
30D756
339019
37.9646
42263a

1451a8
171469
ao.0211
a3z 345
26.4863
30.0756
33s 019
379646

145120
171469
2onall
a3~345
26.4863
30.0756
33s 019

145128
171469
ao.021x
23A345
26.4863
30.0756

;;::::

ao.o all
23d 345
26.4863

;;;:::

20.0211
a3~345

1451a8
172469
20D 211

14sla8
173.469

14S 128

(Y)
2/s?

00s714
00.9076
00.8444
00.7799
00.7129
00 J5420
00.5654
00.4805
003819
002564
00 D0OO

00S284
:;28:;

00:7303
00.6581
005801
00.4934
oo39a8
002647
00.0000

00.8806
00.8151
00.7464
00.6734
oo594a
005061
00.4036
002730
Oonooo

ooa 270
00.7593
00.6864
00.6069
00.5178
00.4139
002810
00.0000

00.7660
ooh 951
00.6164
005274
oo.4a29
ooa884
00.0000

00.6958
00A 202
00.5329
m;;:;

00.0000

00.6144
005315
00.4305
ooa976
00.0000

005194
00.4245
00.2963
00.0000

00.4083
002887
00.0000

002740
00.0000

Ooaooo

(?Q)P
mwe

27.7a19
172605
17.5115
18s881
19.5014
al>033
23.0639
asssea
27s537
30.7823
33.4018

16.9512
16.7597
17L520
18.0099
192708
20.8976
22B 629
25L36a
27.6587
30.0514

16.3041
163310
16.8457
17.7760
19.0790
:;;:;;

a49056
27.070a

15.7639
159695
16.5895
175830
::;;:;

225010
24_4361

lssao~
156717
16.3807
17.4a63
18.7862
ao.4a51
22da96

14.9670
15.4360
16S 169
17a999
18.6603
201343

14.7039
152630
16.0956
17.1930
18.4392

145328
151538
16.o12a
3.7.0388

14.4535
151067
159296

14.4552
15D993

%4.5128

(J+-A

10.5103
la5474
14.6318
16.7897
19.0295
213515
a3.7501
262139
;:;:;;

33.3801

10.8510
la.7750
14.7765
16.8657
19.0435
213051
23.6399
26.0283
a8.4253
30.5a55

111720
129905
149093
16.9270
19.0381
212321
a3.4906
25.7733
27.8061

11.4787
13A965
15.0311
169730
19.0104
21a25a
232806
25.2344

11.7773
133961
15.1432
17.ooa8
10.9556
ao9674
22.8a79

la.0740
13.5931
15a473
17.0145
18.8619
20.6107

123754
13.7918
153447
17.0019
18.6164

la.6857
;:: 3;;

165877

13.ooa9
142003
15.4680

133144
143792

13.6000
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Flat-top config. Right circular cone

\
v Shadowgraph o Shadowgraph

\ measurements measurements

order theoryPresent theory — — Storie’s 1-
(ref. 17).

\
\
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\
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83
I

4 5 6
Mm

Figure 4.- Variation of shock-wave agle at cp= O with Mach mmber for
a= 3° ●
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Flat –top conf ig. Right circular cone

-w Experiment O Experiment

— Present theory — — Stone’s 2@ order
theory (ref. 19]

—-—Ref. 9

/
/

,/

/

I I I I I
2 4 6 8 10

Angle of attack, a, deg

(b) Mm= 5.o

Figure 5.- Concluded.
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hl~~c=.3;A/8C=2.28
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1
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.12

(b] Mm =4.0
~

[

Mm8c=.5;A/8c=2.28

r

Wing -body juncture
z

1
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g .08 A
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A
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❑

❑ ❑ ❑
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